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Description 

TECHNICAL FIELD OF THE INVENTION 

The present invention relates generally to a 
method and apparatus for determining blood pres- 
sure and more particularly to a non-invasive meth- 
od and apparatus for determining blood pressure, 
the method may also be used to assist in tuning a 
cardiac pacemaker, and for providing the medical 
practitioner with information about the operation of 
the cardiovascular system of a patient 

BACKGROUND OF THE INVENTION 

One test often performed on patients by medi- 
cal practitioners is a test to determine the blood 
pressure of the patient. Blood pressure is tested 
often because a knowledge of a patient's blood 
pressure provides an overall reflection of the func- 
tioning of his heart and circulatory system. 

The blood pressure in a patient's arterial sys- 
tem is represented by the peak systolic and dia- 
stolic levels of the pressure pulse and is modified 
by cardiac output, peripheral arteriolar resistance, 
distensibility of the arteries, amount of blood in the 
system, and viscosity of the blood. Accordingly, 
changes in blood pressure reflect changes in these 
measurements. For example, the decrease in ves- 
sel distensibility in the elderly lowers diastolic pres- 
sure and increases systolic pressure to produce 
systolic hypertension. Increases in blood volume 
may raise both systolic and diastolic components. 

Normal blood pressure in the aorta and large 
arteries, such as the brachial artery, varies between 
100 and 140 millimeters of mercury (mm Hg.) 
systolic and between 60 and 90 mm Hg. diastolic. 
Pressure in the smaller arteries is somewhat less, 
and in the arterioles, where the blood enters the 
capillaries, it is about 35 mm Hg. However, a wide 
variation of normal blood pressure exists, and a 
value may fall outside the normal range in healthy 
adults. The normal range also varies with age, sex 
and race. For example, a pressure reading of 
100/60 may be normal for one person but hypoten- 
sive for another. 

Arterial blood pressure can be measured di- 
rectly or indirectly. The most common known 
method for measuring blood pressure indirectly is 
with a sphygmomanometer and stethoscope. The 
primary benefits of the sphygmomanometer and 
stethoscope procedure are that it is simple for the 
medical practitioner to use, is non-invasive and is 
relatively inexpensive. The sphygmomanometer 
and stethoscope are often sufficiently inexpensive 
to make their cost well within the reach of consum- 
ers who desire to perform blood pressure tests at 
home. The primary drawbacks of the use of the 



sphygmomanometer and stethoscope procedure 
reside in the limited amount of data that it provides, 
and the relative inaccuracy of the procedure. 

The procedure by which a sphygmomanometer 

5 is utilized to determine blood pressure is relatively 
simple. A collapsed, inflatable blood pressure cuff 
is affixed snugly and smoothly to a patient's arm, 
with the distal margin of the cuff at least 3 cm 
above the antecubital fossa. 

w Pressure in the cuff is then rapidly increased to 
a level of about 30 mm Hg above the point at 
which the palpable pulse disappears. As the cuff is 
deflated, observations may be made either by pal- 
pation or auscultation. The point at which the pulse 

75 can be felt is recorded from the manometer as the 
palpatry systolic pressure. 

The auscultatory method is usually preferred to 
the technique described above. With this method, 
vibrations from the artery under pressure, called 

20 Korotkoff sounds, are used as indicators. 

To determine blood pressure using the auscul- 
tatory method, the bell or diaphragm of a stetho- 
scope is pressed lightly over a brachial artery while 
the cuff is slowly deflated. The pressure reading 

25 begin at the time the Korotkoff sounds first become 
audible. As the cuff is deflated further, the sounds 
become louder for a brief period. The sounds then 
become muffled and finally disappear. The systolic 
blood pressure is the point at which the Korotkoff 

30 , sounds become audible, and the diastolic blood 
pressure is the point at which the sounds cease to 
be heard. The traditional manual sphygmomanom- 
eter may provide inaccurate blood pressure mea- 
surements because it relies too much on human 

35 hearing sensitivity and the experience of the oper- 
ator. 

In addition to the "manual" method described 
above for indirectly measuring blood pressure, sev- 
eral electronic devices exist which measure blood 

40 pressure according to the same theory as dis- 
cussed above. One of these devices is the MAR- 
SHALL ASTROPULSE 78 Model blood pressure 
measuring device which is manufactured by the 
Marshall Medical Corporation of Lincolnshire, II- 

45 linois. 

One problem with the electronic devices dis- 
cussed above is that they do not provide very 
accurate measurements of blood pressure. Elec- 
tronic devices may not be able to measure all 

so patient's blood pressure accurately because elec- 
tronic devices usually depend upon some preas- 
sumed signal conditions for determining blood 
pressure. For example, female patients typically 
have a thicker fat layer than male patients. This 

55 thicker fat layer can lead to a less accurate blood 
pressure measurement in female patients. 

Another difficulty encountered with the above- 
described indirect blood pressure measurement 
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techniques is that they only provide a rather limited 
amount of information. Specifically, they do not 
provide significant information relating to the dy- 
namics of the cardiovascular system of the patient, 
such as information relating to the volume of blood 
flowing through the cardiovascular system and the 
operation of the valves of the heart. 

Another method for measuring blood pressure 
is by a direct measurement technique. In a direct 
measurement of arterial blood pressure, a needle 
or catheter is inserted into the brachial, radial, or 
femoral artery of the patient. A plastic tube filled 
with heparinized saline solution connects the cath- 
eter to a pressure sensitive device or a strain- 
gauge transducer. The mechanical energy that the 
blood exerts on the transducer's recording mem- 
brane is converted into changes in electrical volt- 
age or current that can be calibrated in millimeters 
of mercury. The electrical signal can then be trans- 
mitted to an electronic recorder and an oscillo- 
scope, which continually records and displays the 
pressure waves. 

This direct measurement technique is more 
accurate than the indirect sphygmomanometer 
method, and yields an electrically integrated mean 
pressure. However, as will be appreciated, the di- 
rect measurement technique has several 
drawbacks. The invasive nature of the technique 
makes it more difficult for the practitioner, as well 
as less convenient, and more traumatic for the 
patient. 

One other method for indirectly measuring 
blood pressure is disclosed in Geddes, et al. a "The 
Indirect Measurement of Mean Blood Pressure in 
the Horse," THE SOUTHWESTERN VETERINAR- 
IAN , Summer, 1970, p. 289-294. The Geddes arti- 
cle describes the indirect measurement of blood 
pressure through the oscillometric method. 

The oscillometric method is concerned with the 
amplitude of the oscillations communicated to a 
cuff encircling a body member containing a suit- 
ably large artery. During deflation of the cuff from 
above systolic pressure, a sequence of oscillations 
of the cuff-pressure indicator can be seen. At 
suprasystolic pressure, small oscillations in cuff 
pressure are evident. When cuff pressure falls just 
below systolic pressure, the amplitude of the os- 
cillations increases. With continued deflation of the 
cuff, the oscillations grow in amplitude, reach a 
maximum, and then decrease continually until the 
cuff pressure drops below the diastolic pressure of 
the patient. Currently, several digital-display elec- 
tronic blood pressure monitors are commercially 
available which utilize the oscillometric method. 
One such commercially available device is the 
NORELCO brand Model HC-3001 home use blood 
pressure measuring device which is manufactured 
by the North American Phillips Corporation of 



Stamford, Connecticut. 

The Geddes article also discusses the mea- 
surement of mean arterial pressure (MAP). MAP is 
defined as the average pressure that pushes blood 

s through the circulatory system in the human body. 
True MAP is not he arithmetic average of systolic 
and diastolic pressure, but rather depends on the 
height and contour of the arterial pressure wave. 
True MAP is dependent upon a patient's Cardiac 

io Output (CO) and the Total Peripheral Resistance 
(TPR) of the patient's cardiovascular system. Due 
to this relation, the equation 

MAP = (CO) (TPR) 

75 

is often used by medical practitioners to describe 
MAP. 

MAP is believed by many practitioners to be 
the most important measurement of blood flow 

20 through the circulatory system. It is essential for a 
practitioner to know the patient's MAP when decid- 
ing whether to prescribe medicines for the patient 
to control hypertension. For a further discussion of 
MAP determinations, see the Geddes article. 

25 The device described in Geddes consists of a 
battery operated electronic oscillometer which dis- 
plays cuff pressure and the oscillations in cuff 
pressure. Within the device is a pressure trans- 
ducer, an amplifier and a rapidly responding meter 

30 which displays only the amplitude of the oscilla- 
tions in cuff pressure. A gain control is provided to 
adjust the amplitude of the display of the oscilla- 
tions. Additionally, an auxiliary output jack is pro- 
vided to permit the oscillations to be recorded on a 

35 graphic recorder. Geddes utilized the oscillometer 
discussed above simultaneously with a direct pres- 
sure measuring device on the same animal at the 
same time to compare the accuracy of his indirect 
measurements with the direct measurements. Ged- 

40 des found that his indirect oscillation method was 
not as accurate as the direct method, with the 
average ratio of indirect to direct pressure being 
about 0.92:1. 

Another indirect method and apparatus for 

45 measuring blood pressure is described in Ramsey 
U.S. Patents Numbers 4,360,029 and 4,349,034. 
The '029 and '034 patents are related, and disclose 
generally identical subject matter. 

The Ramsey patents relate to an automatic 

so indirect blood pressure reading method and ap- 
paratus which automatically and adaptively pump 
up an arm cuff. The cuff is pumped to a proper 
pressure by taking the previous cuff pressure mea- 
surement and adding approximately 60 mm to the 

55 old pressure before beginning measurement of the 
amplitude of the oscillations in the cuff. Once the 
amplitude of oscillations at the starting pressure 
are measured, the cuff is deflated a determined 
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pressure increment to a lower pressure. The os- 
cillations at this lower cuff pressure are then mea- 
sured. 

Ramsey requires that the pressure oscillations 
satisfy a plurality of artifact detecting tests before a 5 
peak oscillation measurement is accepted as valid. 
Should an artifact be detected, additional oscilla- 
tions are measured until the oscillations test free of 
artifacts. When this integrity test is satisfied or 
some predetermined time interval is exceeded, the io 
cuff is once again deflated a pressure increment. 
The apparatus continues in this fashion until maxi- 
mum amplitude oscillations are obtained at the 
lowest cuff pressure, which is indicative of the 
mean arterial pressure. 75 

A further example of a non-invasive blood pres- 
sure measuring apparatus is described in Susi US 
patent number 4729383. In Susi a pressurable cuff 
with which a pressure inducer is associated is 
attachable to a patient. The pressure applied to the 20 
cuff is first elevated and then decreased to a pres- 
sure below diastolic pressure. Pressure and pulsa- 
tion signal data from the transducer is examined to 
ascertain blood pressure information. 

Notwithstanding the above discussed advances 25 
in the indirect measurement of blood pressure, 
room for improvement exists. It is therefore one 
object of the present invention to provide a method 
and apparatus for measuring blood pressure which 
provides the medical practitioner with a more ac- 30 
curate method of measuring blood pressure, and 
which provides the practitioner with information re- 
garding the cardiovascular system beyond that of 
mere systolic and diastolic arterial pressures. 

35 

SUMMARY OF THE INVENTION 

In accordance with one aspect of the present 
invention, there is provided a method of determin- 
ing blood pressure of a patient comprising the 40 
steps of: 

(a) affixing a non-invasive pressure inducing 
means (10) and transducer means (16) to the 
patient, 

(b) elevating the pressure induced by the pres- 45 
sure inducing means to a suprasystolic pres- 
sure, 

(c) decreasing the pressure induced by the 
pressure inducing means (10) over time to a 
pressure below diastolic pressure, so 

(d) obtaining a data stream (30) from the trans- 
ducer means (10), the data stream (30) including 
pressure data and pulsation signal data. 

(e) processing said data stream to create a 
generally sinusoidal information stream curve 55 
(51) which correlates the pressure data and the 
pulsation signal data, the information stream in- 
cluding at least two pulse maximum points (54, 



56, 74. 75, 108, 110. 156. 158) and at least one 
pulse minimum point (58. 72, 120, 166), where 
the maximum and minimum points correspond 
to apex and nadir points respectively of the 
generally sinusoidal information stream curve 
(51) which includes at least one pulse cycle 
defined as an interval between a pair of con- 
secutive pulse maximum points, and aJso in- 
cludes a pulse signal rapidly decreasing portion 
(81), a pulse signal trough portion (83) and a 
pulse signal rapidly ascending portion (85), 
(0 examining the information stream to deter- 
mine at least one of the systolic, diastolic and 
mean arterial pressures of the patient by select- 
ing a pressure determination point in the in- 
formation stream, characterized in that 
(g) step f comprises: 

(i) determining the systolic pressure from 
pressure data at the pulse minimum point by 
selecting the at least one pulse minimum 
point of the pulse cycle such that the pulse 
minimum point (72) occurs at the beginning 
of the pulse signal trough portion of the pulse 
cycle (72, 74, 75) adjacent to the pulse signal 
rapidly decreasing portion; or 

(ii) determining the diastolic pressure from 
pressure data at the pulse minimum point by 
selecting the at least one pulse minimum 
point of the pulse cycle such that the pulse 
minimum point (166) occurs at the end of the 
pulse signal trough portion adjacent to the 
pulse signal rapidly ascending portion; or 

(iii) determining the mean arterial pressure 
from pressure data at the pulse minimum 
point by selecting the at least one pulse 
minimum point of the pulse cycle such that 
the pulse minimum point (120) occurs in the 
middle (140) of the pulse signal trough por- 
tion (144) of the pulse cycle; or 

(iv) some combination of (i) to (iii) 
Preferably, the method also includes the steps 

of providing a graphic display means and graphi- 
cally displaying the information stream. 

In accordance with this aspect of the present 
invention, the method may provide for determining 
mean arterial blood pressure of a patient. The 
method comprises the steps of affixing a non- 
invasive pressure inducing means and a transducer 
means to the patient. A data stream is obtained 
from the transducer means. The data stream in- 
cludes pulsation signal data. The data stream is 
processed to create an information stream which 
includes pulsation signal data and time data. The 
patient's systolic and diastolic pressures are deter- 
mined. A pressure determination point is chosen in 
the information stream. The chosen pressure deter- 
mination point is then utilized along with the deter- 
mined systolic and diastolic pressures to determine 
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the patient's mean arterial pressure. 

In accordance with another aspect of the 
present invention, an apparatus is provided for de- 
termining blood pressure of a patient. The appara- 
tus comprises: 

(a) a non-invasive pressure inducing means and 
a transducer means 

(b) means elevating the pressure induced by the 
pressure inducing means to a syprasystolic 
pressure of a patient 

(c) means for decreasing the pressure induced 
by the pressure inducing means over time to a 
pressure below diastolic pressure of a patient 

(d) means for processing a data stream includ- 
ing pressure data and pulsation signal data pro- 
duced by the transducer means to create a 
generally sinusoidal information stream curve 
which correlates the pressure data and the pul- 
sation signal data, the information stream includ- 
ing at least two pulse maximum points and at 
least one pulse minimum point, where the maxi- 
mum and minimum points correspond to apex 
and nadir points respectively of the generally 
sinusoidal information stream curve which in- 
cludes at least one pulse cycle defined as an 
interval between a pair of consecutive pulse 
maximum points, and also includes a pulse sig- 
nal rapidly decreasing portion, a pulse signal 
trough portion and a pulse signal rapidly as- 
cending portion, 

(e) means for examining the information stream 
to determine at least one of the systolic, dia- 
stolic and mean arterial pressures of the patient 
by selecting a pressure determination point in 
the information stream, the apparatus being 
characterised in that, 

(f) the means for determining at least one of the 
systolic, diastolic and mean arterial pressures 
comprises means for selecting the pulse mini- 
mum point occurring 

(i) at the beginning of the pulse signal trough 
portion of the pulse cycle adjacent to the 
pulse signal rapidly decreasing portion where 
the apparatus is for determining systolic 
pressure; or 

(ii) at the end of the pulse signal trough 
portion adjacent to the pulse signal rapidly 
ascending portion where the apparatus is for 
determining diastolic pressure; or 

(iii) in the middle of the pulse signal trough 
portion of the pulse cycle where the appara- 
tus is for determining mean arterial pressure; 
or 

the means for determining at least one of 
the systolic, diastolic and mean arterial pres- 
sures comprises means for selecting the 
pulse minimum point according to 

(iv) some combination of (i) to (iii). 



A graphic display means is preferably provided 
for graphically displaying the information stream so 
created. 

One feature of the present invention is that an 

5 information stream comprised of pressure data and 
pulsation data is provided. From this information 
stream, an instantaneous point is chosen for deter- 
mining the patient's systolic blood pressure, dia- 
stolic blood pressure or mean arterial pressure. 

10 This feature of using an "instantaneous point" has 
the advantage of enabling the medical practitioner 
to determine diastolic, and systolic blood pressures 
and mean arterial pressures more accurately than 
with most known, prior non-invasive blood pressure 

75 determining techniques. 

Another feature of the present invention is that 
the apparatus of the present invention utilizes a 
non-invasive pressure determining means, such as 
a cuff pressure sleeve, sphygmomanometer and 

20 transducer. This feature has the advantage of mak- 
ing the blood pressure determination process more 
convenient for the medical practitioner and less 
risky for the patient than invasive pressure deter- 
mining techniques. 

25 It is also a feature of a preferred embodiment 
of the present invention that a graphic display 
means is provided for graphically displaying the 
information stream, and a data storage means is 
provided for storing the information stream. The 

30 graphic display feature has the advantage of pro- 
viding the medical practitioner with valuable data 
about the operation of the heart and circulatory 
system, such as the operation of the valves in the 
heart. The storage feature has the advantage of 

35 promoting a proper diagnosis of the patient's con- 
dition by enabling the medical practitioner to com- 
pare the current condition of the patient's heart and 
circulatory system against a prior, stored set of 
data showing the conditions of the patient's heart at 

40 an earlier date. Through an evaluation of the differ- 
ences between the prior and current information 
streams, the medical practitioner can better ana- 
lyze the current condition of the patient's heart and 
better determine whether there is any improvement 

45 or deterioration in the patient's condition. 

A further feature of a preferred embodiment of 
the present invention is that it provides two meth- 
ods of determining Mean Arterial Pressure. These 
two methods are referred to herein as "the mid- 
50 point method" and the "mathematical calculation 
method." 

It was found by the applicant that both the 
midpoint method and the mathematical calculation 
method have the advantage of providing more con- 
55 sistent MAP results than the maximum pulse am- 
plitude method, which is described in the Geddes 
article. The midpoint method of the present inven- 
tion determines the patient's MAP by utilizing the 
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cuff pressure, below the systolic pressure, when 
the pulse cycle minimum reaches the midpoint on 
the cuff pressure axis between two consecutive 
arterial pulse signal maximum points. The midpoint 
method has the advantage of not requiring the 5 
medical practitioner to predetermine the patient's 
systolic and diastolic pressures. The midpoint 
method is well-suited for use in routine blood pres- 
sure monitoring situations and in situations wherein 
a numerical, electronic read-out device having limit- io 
ed memory and computing capability is employed. 

The mathematical calculation method com- 
prises a computation of the mean of a patient's 
pulsation wave form data. To utilize the mathemat- 
ical calculation method of the present invention, a 15 
pressure determination point is chosen at a cuff 
pressure below the patient's diastolic pressure. To 
choose a pressure determination point, a point is 
chosen in the information stream between a 
systolic maximum and a diastolic minimum, 20 
wherein the rate of change of the cuff pressure 
data versus pulse signal data changes significantly. 
The above described point is chosen as a "deflec- 
tion point." The deflection point is chosen as a 
point at which to mathematically calculate MAP 25 
because this deflection point represents the point 
at which the patient's aortic valve is closed, and 
thus represents the intrinsic blood pressure at the 
point wherein the aortic valve is closed. The point 
wherein the aortic valve is closed is chosen be- 30 
cause it is at this point that the patient experiences 
the most long lasting and significant "push" of 
blood through his circulatory system. 

The mathematical calculation method has sev- 
eral advantages over the midpoint method. One 35 
advantage is that the mathematical calculation 
method is less sensitive to low frequency noises, 
such as breathing noises and body movement 
noises. These low frequency noises can interfere 
with the accuracy of the results of the test. Further, 40 
the mathematical calculation method can be uti- 
lized with cuffless blood pressure measuring de- 
vices. 

When the mathematical calculation method is 
used with cuff devices, the results are less affected 45 
by the design and stability of the cuff. Additionally, 
the mathematical calculation method provides gen- 
erally more consistent and accurate results than 
the midpoint method. Because of the enhanced 
consistency and accuracy of the mathematical cal- so 
culation method, it is particularly well suited to 
situations such as surgical procedures requiring 
highly accurate and consistent information. The 
mathematical calculation method does have some 
disadvantages (when compared to the midpoint 55 
method) in that the mathematical calculation meth- 
od generally requires the use of a device having 
greater memory and computing capabilities. 



Additional features and advantages of the 
present invention will become apparent to those 
skilled in the art upon consideration of the following 
detailed description of a preferred embodiment ex- 
emplifying the best mode of carrying out the inven- 
tion as presently perceived. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagrammatic representation illustrat- 
ing the components utilized in the instant inven- 
tion; 

Fig. 1a is a sample graphic display of the in- 
formation stream produced by the instant inven- 
tion, displaying cuff pressure (uncalibrated) as a 
function of time; 

Fig. 2 is a sample graphic display of the in- 
formation stream produced by the instant inven- 
tion showing the invention in its first mode dis- 
playing overall arterial pulse data as a function 
of cuff pressure; 

Fig. 3 is a sample graphic display showing the 
information stream processed according to the 
second mode of the invention, displaying pulse 
signal as a function of cuff pressure in the 
systolic pressure range; 

Fig. 4 is a graphic display, similar to Fig. 3, 
showing pulse signal as a function of cuff pres- 
sure in the mean arterial pressure range; 
Fig. 5 is a graphic display, similar to Figs. 3 and 
4, showing pulse signal as a function of cuff 
pressure in the diastolic pressure range; 
Fig. 6 is a graphic display showing information 
processed according to the present invention in 
its third mode, wherein a pulse signal of a single 
cycle is displayed as a function of time, wherein 
the maximum point of the pulse is assigned to 
equal the systolic pressure (as determined from 
Fig. 3) and the minimum point of the pulse is 
assigned to equal the diastolic pressure (as de- 
termined from Fig. 4) to illustrate the existence 
of the deflection point between the pulse maxi- 
mum and the pulse minimum of the pulse cycle; 
Fig. 6a is a graphic display illustrating an em- 
bodiment of the invention in its third mode of 
operation, wherein a plurality of pulse signals 
over a ten second time period are displayed; 
Fig. 6b is an expanded view of a portion of Fig. 
6a; 

Fig. 7 is a graphic display showing information 
processed according to the present invention in 
its fourth mode, wherein pulse signal is dis- 
played as a function of time, and wherein the 
original pulse signal, its first derivative signal 
and its integration signal are displayed in a 
range wherein cuff pressure is greater than the 
systolic pressure of Fig. 3; 



6 



11 



EP 0 365 614 B1 



12 



Fig. 7a is a display, similar to Fig. 7, showing 
the pulse signals of a male person exhibiting 
hypertension; 

Fig. 8 is a display showing information pro- 
cessed according to the present invention in its 
fifth mode, wherein pulse signal is displayed as 
a function of time, and wherein the original pulse 
signal, its first derivative signal and its integra- 
tion signal are displayed in a range wherein cuff 
pressure is less than the diastolic pressure of 
Fig. 5; 

Rg. 8a is a graphic display, similar to Fig. 8, 
showing the pulse signals of a male person 
exhibiting hypertension; 

Figures numbered 9 and 10 are omitted 
intentionally; 

Rg. 11 is a graphic display similar to Fig. 2, 
displaying overall arterial pulse data as a func- 
tion of cuff pressure for a patient having a 
pacemaker installed, but not tuned properly; 
Fig. 12 is a graphic display similar to Fig. 11: 
and 

Fig. 13 is a graphic display similar to Rg 11 
wherein the patient's pacemaker is tuned prop- 
erly. 

DETAILED DESCRIPTION OF THE DRAWINGS 
A. Components. 

Rg. 1 presents a block diagram illustrating the 
components which comprise the apparatus of the 
present invention, and which are utilized in con- 
junction with the method of the present invention. 

The apparatus of the present invention includes 
a non-invasive pressure inducing means such as 
cuff 10 for exerting a pressure on a body part, such 
as the arm. A transducer means 1 6 is provided for 
picking up the total pressure, including the back- 
ground pressure and the small oscillation (pulsa- 
tion) signals. Typically, the background pressure 
signals are picked up as DC signals, and the pulsa- 
tion signals are picked up as AC signals. The 
background pressure signals and pulsation pickup 
up are those signals induced by the cuff 10. 

The transducer means 16 converts these sig- 
nals so picked up into an electrical signal. A graph- 
ic display of the data stream which results from 
these signals is shown in Rg. 1a. 

Although a wide variety of pressure inducing 
means can be used, the pressure inducing means 
preferably comprises an inflatable cuff 10 which 
can be wrapped around a limb of a patient. Typi- 
cally, such an inflatable cuff 10 includes a pump 
means (either manually activated or electronically 
activated) which pumps air into the interior of the 
cuff 10 to exert pressure on the body part. An 
example of such a cuff 10 is the cuff supplied with 



the Norelco blood pressure monitor Model No. HC- 
3001 cuff which is manufactured by the North 
American Phillips Corporation of Stamford, Con- 
necticut. 

5 Additionally, most, commercially available cuffs 
provided as a part of an oscillometry blood pres- 
sure monitoring system can be utilized in conjunc- 
tion with the present invention, so long as a com- 
patible adaptor is utilized to connect the cuff 10 to 

w the pressure transducer means 16. Further, with 
more extensive modification, cuffs designed for use 
with non-pscillometric blood pressure monitoring 
devices can also be utilized with the present inven- 
tion. 

75 Preferably, the cuff 10 should include a pres- 
sure stop valve which permits the user to maintain 
a selected, constant pressure in the 20 to 200 mm 
Hg. pressure range. The stop valve feature is use- 
ful in that it permits the user to obtain arterial pulse 

20 wave forms, and thereby extract additional informa- 
tion about the patient's cardiovascular condition. 
Examples of such arterial wave forms are shown in 
Rgures 7, 7a, 8 and 8a, and will be discussed in 
more detail below. 

25 The pressure transducer 16 primarily com- 
prises a solid state pressure sensor or similar de- 
vice which is capable of picking up pressure sig- 
nals, and converting these pressure signals into an 
analog electrical signal for transmission from the 

30 transducer means 16. An example of a commer- 
cially available transducer which can operate in 
conjunction with the present invention is the pres- 
sure transducer supplied with the Norelco blood 
pressure monitor, Model No. HC-3001, discussed 

35 above. 

Preferably, the pressure transducer 16 wifl 
have a linear response rate, or will have a known 
correlation between the input pressure received by 
the transducer 16 and the output electrical signal 

40 (e.g. voltage) sent out by the transducer 16. The 
linear response or known correlation characteristics 
facilitate the calibration of the transducer 16 against 
a standard pressure gauge, such as a mercury 
pressure gauge. Additionally, the transducer 16 

45 should have a fast response rate and a wide fre- 
quency response. Preferably, the response rate 
should be less than or equal to 0.001 second, and 
the frequency of the response rate should be be- 
tween about 0.2 hertz and 50 hertz or higher. It has 

so been found by the applicant that a fast response 
rate and a wide frequency response contribute to 
an accurate determination of the systolic and dia- 
stolic blood pressure, and the means arterial pres- 
sure. 

55 The transducer 16 generates a voltage signal! 
which comprises a generally continuous over* 
pressure data stream 20. The overall pressure data 
stream 20 is sent in a generally continuous manner 
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to the analog to digital convertor 26. The analog to 
digital convertor 26 converts the analog information 
provided by the transducer 16 into digital informa- 
tion. The analog to digital convertor 26 should 
preferably have a sampling rate of 4,000 samples 
per second or higher; a resolution of 12 bits or 
better; more than one channel for other multi-pur- 
pose applications; and the capability to convert 
digital signals to analog signals for feedback con- 
trol. 

Although the above mentioned qualities are 
preferred, they may not be necessary since the bit 
resolution and sampling rate of the final data ac- 
quired depends largely on the software program 
utilized in conjunction with the present invention. 
Generally, a combination of a software package 
and an analog to digital convertor 26 that will 
provide final data acquisition of better than 100 
items of data per second is adequate for the 
present invention. However, better digitizing resolu- 
tion in the data stream 20 is always preferable. An 
example of an analog to digital convertor which will 
perform the functions necessary for the instant 
invention is the Eight Channel, High Speed analog 
to digital convertor, Model No. DAS-8, which is 
manufactured by the MetraByte Corporation of 
Taunton, Massachusetts. 

A digitized pressure data stream 30 is fed from 
the analog to digital convertor 26 to a data pro- 
cessing means such as computer 36. As with data 
stream 20, the digitized data stream 30 represents 
an essentially continuous data stream. The com- 
puter 36 should preferably have a fast clock speed 
(e.g. 4.7 megahertz or faster); a large enough 
memory to store the data (e.g. 256 kilobytes or 
greater); and an easy disk operation system, such 
as the IBM DOS operation system. 

It should also be noted that the computing 
speed and memory size required for performing 
the tasks of the present invention depend on the 
particular software chosen. Thus, with the proper 
software, the user might be able to utilize a com- 
puter 36 having a smaller memory and a slower 
clock speed. Generally, a clock speed (e.g., 10,000 
Hz) fast enough to achieve a final data acquisition 
rate of better than 100 data bits per second is 
adequate for the present invention. Further, a mem- 
ory of less than 256 kilobytes can be utilized if a 
graphic program is used which is more simple than 
the LOTUS 1-2-3 (Trade Mark) program utilized in 
conjunction with the present invention. 

Examples of computers 36 having sufficient 
clock speed and memory to perform the functions 
necessary in the instant invention include the IBM 
Model PC, PC/XT, and PC/AT (Trade Mark) com- 
puters manufactured by the IBM Corporation, and 
their compatible equivalents. Examples of such 
compatible equivalents can be found in most com- 



puter related magazines. 

As will be appreciated, the computers 36 de- 
scribed above will not process the information of 
the data stream 20 without proper software to per- 

5 form the processing. The software utilized in con- 
junction with the present invention should perform 
several functions. 

The first function performed by the software is 
to control the analog to digital convertor 26, so that 

ro the digitized data stream 30 can be received by 
the computer 36. A second function performed by 
the software is to convert the digitalized data sys- 
tem 30 into ASC II format and store the data in a 
data storage means such as a disk 50 so that the 

is data can be retrieved by a program such as LO- 
TUS 1-2-3 (Trade Mark) for further data processing 
and graphic display. A third function of the software 
is to receive and to input total time. This inputting 
of total time starts the converting performed by the 

20 analog to digital convertor 26 at time zero on the 
computer's 36 internal clock, and ends the analog 
to digital converting when the total time is up. 

A fourth function performed by the software is 
to filter out the AC oscillation component of digitiz- 
es ed data stream 30, so that a DC pressure curve of 
the cuff pressure and a separate AC pulsation 
stream are obtained. This step need not be per- 
formed by the software, as a hardware filter can be 
employed to separate the AC and DC components 

30 of the pressure signal obtained from the pressure 
transducer 16 before the data stream 20 is fed to 
the analog to digital converter 26. 

A fifth function of the software is to calibrate 
the DC cuff pressure curve by utilizing a pre- 

35 calibrated factor. This pre-calibrated factor is a 
number obtained by comparing the digitized num- 
ber from the analog to digital convertor 26 to either 
a standard pressure gauge reading or to the digital 
reading of a digital blood pressure monitoring de- 

40 vice which is utilized simultaneously in conjunction 
with the present invention. The sixth function per- 
formed by the software is to perform various nec- 
essary mathematical calculations, such as integra- 
tion, derivation, etc. 

45 The software utilized by the applicant in con- 
junction with the present invention comprises a two 
component software package. The first component 
comprises a translation component, and the second 
component comprises a data manipulation and 

50 graphic display component. 

The translation program comprises a data ac- 
quisition program, written by the applicant to col- 
lect data from the data stream 30, and to store the 
data in a data storage device such as a disk 50 or 

55 hard drive (not shown). The translation component 
collects the data and translates it into a form us- 
able by the data manipulation/graphic display com- 
ponent so that the data manipulation/graphic dis- 
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play component can manipulate the data into a 
usable form and display it graphically. The func- 
tions performed by the translation program are (1) 
noise filtering to filter out spike noises, (2) fitting 
the curve to the data points obtained, and (3) 
calibrating the pressure data to millimeters of Mer- 
cury. One example of a commercially available 
translation program which can perform the func- 
tions necessary to perform in the present invention 
is the LAB TECH NOTEBOOK (Trade Mark) data 
acquisition software program Model LTN-03, manu- 
factured by the MetraByte Corporation of Taunton, 
Massachusetts. 

The data manipulation/graphic display compo- 
nent is a data base program which re-manipulates 
the data and graphically displays the data on a 
graphic display means 42. An example of a data 
manipulation/graphic display program which func- 
tions in conjunction with the present invention is 
LOTUS 1-2-3 (Trade Mark) manufactured by LO- 
TUS Development Corporation of Cambridge, Mas- 
sachusetts. 

The data processing means 36 feeds a gen- 
erally continuous information stream 40 to a graph- 
ic display means, such as a video system 42 for 
the computer 36. Alternately, an information stream 
44 can be fed to a printer 46 to construct a 
permanent record of the information contained in 
the information stream 44. As will be appreciated, 
printer 46 also comprises a graphic display means. 
Preferably, the printer 46 used should be either a 
dot-matrix printer or a laser printer having the ca- 
pability to display the information stream 44 graphi- 
cally. 

As another alternative, an information stream 
48 can be fed to a data storage means, such as a 
disk 50 or a hard drive for storage and later re- 
trieval. Through the use of the data storage means 
to store the data produced by the patient, the 
medical practitioner can be provided with access to 
current and historical data about the patient. 

Although information streams 40, 44, 48 are 
given three separate designating numbers, it will be 
appreciated that information streams 40, 44, 48 all 
contain essentially the same information. 

B. Procedure to Operate the Invention 

The following procedure is employed in con- 
junction with the present invention. The cuff 10, is 
affixed to the patient and operated in accordance 
with its usual operating procedures. A generally 
continuous overall pressure data stream 20 is de- 
rived from the cuff 10 and transducer 16, respec- 
tively, and fed into the analog to digital converter 
26. The analog to digital convenor 26 converts the 
analog information of the pressure data stream 20 
into a digitalized pressure data stream 30. 



The digitized information contained in the data 
streams 30, 32 is then processed by the computer 
36 to separate the AC component (the pulsation 
signal) from the overall pressure data stream 30 

5 received by the computer 36. Further, the com- 
puter 36 calibrates the cuff pressure data into units 
of millimeters of mercury to then create the in- 
formation streams 40, 44, 48, wherein pulsation 
signal and cuff pressure are correlated to give 

10 pulsation signal as a function of cuff pressure. 
Additionally, pulsation signal and time are corre- 
lated to give the pulsation signal as a function of 
time. 

The information in the information streams 40, 

15 44, 48 is then fed respectively to the video screen 
42, printer 46, or disk 50. From the data so dis- 
played, the systolic, diastolic and mean arterial 
pressures of the patient can be determined along 
with other information about the cardiovascular sys- 

20 tern of the patient. 

A sample graphic display is shown in Fig. 1a 
which displays the information stream 40, 44, 48 
produced by the present invention, wherein cuff 
pressure (uncalibrated) is shown as a function of 

25 time. The curve 49 of Fig. 1a is relevant in that it 
shows that during the test, the pressure exerted by 
cuff 10 is decreased smoothly over time. It will be 
appreciated by those skilled in the art that the cuff 
pressure at the beginning of a blood pressure test 

30 should be greater than the patient's estimated 
systolic pressure, and the cuff pressure at the end 
of the test should be less than the patient's dia- 
stolic pressure. 

Fig. 1a is also relevant in that it shows that the 

35 duration of the test was thirty seconds, and that the 
rate of decrease of cuff pressure was generally 
constant during the test. Although the applicant 
employed a 30 second test, a shorter or longer test 
period could be utilized. The use of a shorter test 

40 period would have the advantage of reducing the 
test time the patient would need to endure, but 
would have the disadvantage of reducing the accu- 
racy of the test due to the fewer number of col- 
lected data points. A longer test would have the 

45 advantage of increasing the accuracy of the test 
due to the larger number of data points collected. 
However, the larger number of data points wouW 
likely delay the response time of the computer 36, 
and could overload the computer's 36 ability to 

so handle the data. 

A generally smooth decrease in cuff pressure 
during the test is preferred as it facilitates to 
construction and interpretation of the graphic dis- 
plays produced by the instant invention. However. 

55 in some circumstances it may be preferable to 
decrease the pressure non-li nearly. 

There are several different manners in which 
the cuff pressure data, pulsation signal data ant 
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the time data so correlated can be processed, 
depending on the user's preference, and on the 
information so desired. Presented below are sev- 
eral examples of "modes of operation," along with 
an explanation of the information produced by 5 
these various modes, the uses to which the modes 
are put, and the value of each mode in diagnosing 
the condition of the patient 

C. Modes of Operation 10 

1 . First Mode . A graphic display is shown in Rg. 
2 which illustrates the operation of the invention 
in its first mode. In this first mode, a curve 51 is 
shown wherein the patient's pulse signal is dis- 75 
played as a function of cuff pressure. Rg. 2 
displays the pulse signal/cuff pressure curve 51 
throughout the entire duration of the test, which, 
in the present example is thirty seconds. The 
long time period displayed in this first mode is 20 
useful to the practitioner in that it helps the 
practitioner to determine whether any irregularit- 
ies exist in the patient's pulse signal. For exam- 
ple, the display will show whether the patient 
missed a pulse signal, and whether the patient's 25 
pulse signals are spaced irregularly. A missed 
pulse signal or irregular spacing of the patient's 
pulse signals may indicate that the patient's 
heart has a serious functional problem. 

Curve 51 includes three primary regions: the 30 
systolic region 53, the mean arterial region 55, 
and the diastolic region 57. Although the bound- 
aries of these regions cannot be defined with 
absolute precision, some generalizations can be 
made. The systolic region 53 comprises that 35 
portion of curve 51 wherein the arterial pulse 
signal first begins to rise. In curve 51, the 
systolic region 53 includes the area around apex 
points 54 and 56. The mean arterial region 55 
includes the area of curve 51 adjacent to the ao 
peak arterial pulse signal, which in curve 51 is 
the portion of curve 51 adjacent to apex point 
68. 

The diastolic region 57 includes the region 
wherein the arterial pulse signal decreases rap- 45 
idly, and in curve 51 includes the portion of 
curve 51 adjacent to apex points 60, 62. Por- 
tions of the systolic region 53, the mean arterial 
region 55 and the diastolic region 57 of curve 51 
are shown in more detail in Rgs. 3, 4, and 5, 50 
respectively. 

The display of the first mode also provides 
the practitioner with a quick determination of the 
patient's systolic pressure, diastolic pressure 
and mean arterial pressure. The systolic pres- 55 
sure is determined from the display in the fol- 
lowing manner. It will be noted that a sharp rise 
in the arterial pulse signal occurs between apex 



point 54 and apex point 56. To determine the 
systolic pressure, one utilizes the nadir point 58 
between apex points 54 and 56. One then reads 
the cuff pressure at nadir point 58 to obtain a 
quick estimate of the patient's systolic pressure. 
In the instant example, the cuff pressure at nadir 
point 58 is approximately 140 mm Hg. 

To determine the diastolic pressure, one 
utilizes the portion of the curve 51 where the 
arterial pulse signal is decreasing. One then 
looks for apex points, such as apex points 60, 
62 wherein a relatively large decrease in the 
arterial pulse signal occurs. The nadir point 64 
between apex point 60, 62 is chosen, and the 
cuff pressure at the nadir point 64 is utilized as 
the diastolic pressure. In the instant example, 
the diastolic pressure of the patient at nadir 
point 64 is approximately 87 mm Hg. 

To determine an estimate of the patient's 
mean arterial pressure from the graph of Rg. 2, 
one utilizes the nadir point 67 following the 
highest apex point 68 displayed on the graph. 
One then reads the cuff pressure at this nadir 
point 67 to obtain an estimate of the patient's 
mean arterial pressure, which, in the instant ex- 
ample is about 93 mm. Hg. 
2. The Second Mode . A graphic display of the 
information streams 40, 44, 48 obtained through 
the operation of the present invention in its 
second mode is shown in Rgs. 3, 4 and 5. More 
particularly, Rg. 3 displays an information 
stream wherein the arterial pulse signal is shown 
as a function of cuff pressure in the systolic 
range of the patient; Rg. 4 displays an informa- 
tion stream showing the arterial pulse signal as 
a function of cuff pressure in the mean arterial 
range; and Rg. 5 displays the arterial pulse 
signal as a function of cuff pressure in the 
diastolic pressure range. 

The determination of the systolic pressure 
of the patient according to the present invention 
will now be explained with reference to Rg. 3. It 
will be noted that Rg. 3 comprises a graphic 
display of a portion 69 of curve 51 of the gen- 
erally continuous information stream. The curve 
portion 69 includes a series of data points such 
as data points 71, which are separated in time 
generally by 0.037 second. These data points 
71 include a series of nadir points, such as nadir 
points 72, 73, and a series of apex points, such 
as apex points 74, 75. Apex points 74, 75, relate 
to pulse cycle (systolic) maxima in a particular 
pulse cycle, and the nadir points 72, 73 repre- 
sent pulse cycle minimum points. For purposes 
of this discussion, a pulse cycle is defined as a 
segment of the curve portion 69 between any 
two apex points, such as the third cycle 78. 
which includes that part of the curve portion 69 
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between apex point 74 and apex point 75. It 
should also be noted that each cycle, such as 
fourth cycle 79, includes three portions: a rap- 
idly descending portion 81 , a trough portion 83 
and a rapidly ascending portion 85. The rapidly 5 
descending portion 81 of each cycle is the inter- 
val of the cycle wherein the arterial pulse signal 
decreases rapidly relative to the change in cuff 
pressure. The rapidly descending portion 81 is 
characterized by a wide spacing between points, to 
and in fourth cycle 79 includes the interval be- 
tween apex point 75 and nadir point 88. The 
trough portion 83 of each cycle is the interval of 
the cycle wherein the change of arterial pulse 
signal relative to the change in cuff pressure is 15 
generally less than in either the rapidly de- 
scending portion 81 or the rapidly ascending 
portion 85. The trough portion 83 is character- 
ized by relatively close spacing of the data 
points, and in the fourth cycle 79 includes the 20 
interval between nadir point 88 and data point 
89. The rapidly ascending portion 85 of each 
cycle is the interval of each cycle wherein the 
arterial pulse signal increases rapidly relative to 
the change in cuff pressure. Similar to rapidly 25 
descending portion 81, rapidly ascending por- 
tion 85 is characterized by wide spacing be- 
tween data points. In fourth cycle 79, the rapidly 
ascending portion 85 is the interval of cycle 79 
between data point 89 and apex point 91 . 30 

A pressure determination point is chosen 
from curve portion 69. The cuff pressure at this 
pressure determination point comprises the 
systolic pressure of the patient. In curve portion 
69 the pressure determination point is the nadir 35 
point 72 of the third cycle 78. Nadir point 72 is 
chosen as the pressure determination point be- 
cause it meets the following three criteria. 

The first criteria met by nadir point 72 is 
that nadir point 72 comprises the nadir point 40 
between the apex points 74, 75 wherein a large 
rise occurs in the arterial pulse signals at the 
apex points (or systolic maxima). 

A second criteria for choosing nadir point 72 
is that it comprises the nadir point in the cycle 45 
78, wherein a substantial decrease occurs in the 
arterial pulse signals between nadir points 72, 
73 of adjacent cycles. 

The third criteria for choosing nadir point 72 
relates to the relative position of nadir point 72 50 
in pulse cycle 78. If one were to draw imaginary 
bisector lines, such as bisectors 80, 82 which 
intersect the cuff pressure axis, and which bi- 
sect the respective second cycle 84 and third 
cycle 78, one would notice that the nadir point 55 
73 of second cycle 84 is positioned generally 
adjacent to, or on bisector 80. However, it will 
also be noticed that nadir point 72 of the third 



cycle 78 is positioned to the left of bisector 82 
and, in fact, is positioned at the extreme left of 
the trough portion 83 of the curve portion 69 in 
third cycle 78. In choosing a nadir point to serve 
as a pressure determining point, one chooses 
the nadir point 72 of the first cycle (here third 
cycle 78) wherein the nadir point 72 is located 
at or close to the beginning of the trough portion 
83. 

By way of contrast, it should be noted that 
nadir points 86, 73 of the first and second cycle 
84, respectively, are located near the center of 
the trough portion, and the nadir points 88, 90 of 
the fourth and fifth cycles are located in a posi- 
tion similar to nadir point 72 at the extreme 
beginning or left end of the trough portion of the 
respective fourth and fifth cycles. 

Using nadir point 72 as the pressure deter- 
mination point, one can determine that the 
systolic pressure of the patient is 140.0 mm Hg. 
by reading the cuff pressure at the nadir point 
72. 

The choice of nadir point 72 has physiologi- 
cal significance. Nadir point 72 represents a 
point on the curve 51 wherein the pulse signal 
drops to its minimum almost immediately follow- 
ing its prior peak at apex point 74. This imme- 
diate drop in the pulse signal indicates that the 
interval of time between peak 74 and nadir point 
72 represents the time at which the patients 
blood pressure overcomes the pressure of the 
cuff 10 to thereby permit a small amount of 
blood to flow through the arteries blocked by the 
cuff 10. This small amount of blood flow causes 
the sudden drop in the arterial pulse signal. This 
sudden drop is reflected in the graph by the 
positioning of nadir point 72 at the beginning of 
the trough portion of cycle 78, and is also re- 
flected by the drop in arterial pulse signal be- 
tween adjacent nadir points 73, 72. 

The present invention provides a more ac- 
curate means for determining systolic pressure. 
As will be appreciated by medical practitioners, 
an accurate knowledge of a patient's systolic 
blood pressure is extremely useful in diagnosing 
a patient's condition. One reason the knowledge 
of systolic pressure is important is that practi- 
tioners often utilize a systolic pressure exceed- 
ing 140 mm Hg. as a bench mark for determin- 
ing whether a patient is hypertensive. 

Determining systolic pressure accurately is 
not an easy task. A patient's systolic pressure is 
the highest pressure point of the cardiovascular 
system. Difficulty arises in determining systolic 
pressure since this highest point may only re- 
main for a short period of time, for example, 0.1 
second or less. Due to the short duration of this 
highest point, the actual highest point systolic 
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pressure may be missed by a practitioner or a 
device measuring systolic pressure, because the 
practitioner or device are incapable of capturing 
the systolic pressure at its highest point. 

The present invention overcomes many of 
these problems by better identifying the very 
point at which the patient's blood pressure 
reaches this highest point systolic pressure. By 
better identifying this highest point systolic pres- 
sure, the present invention provides generally 
more consistent data than that provided by 
known prior art electronic devices. 

A graphic display illustrating a patient's arte* 
rial pulse signal as a function of cuff pressure is 
shown in Fig. 4. Specifically, Fig. 4 displays the 
patient's arterial pulse signal and cuff pressure 
in the range wherein the patient's mean arterial 
pressure can be calculated utilizing the "mid- 
point method" discussed above. 

Fig. 4 is similar to Fig. 3 in that it displays a 
generally sinusoidal portion 100 of curve 51 
comprised of a generally continuous series of 
data points separated in time by about 0.037 
seconds. Curve portion 100 is taken from the 
mean arterial range 55 of curve 51 and includes 
a series of apex points 102, 104, 106, 108, 110, 
112 and a series of nadir points 114, 116, 118, 
120, 122. The apex points 102, 104, 106, 108, 
110, 112 and nadir points 114, 116, 118, 120, 
122 define a series of five pulse cycles, includ- 
ing a first cycle 126, second cycle 128, third 
cycle 130, fourth cycle 132, and fifth cycle 134. 
For purposes of illustration, imaginary bisectors 
138, 140, 142 have been drawn through the 
respective third cycle 130, fourth cycle 132, and 
fifth cycle 134. 

It has been found by the applicant that the 
patient's mean arterial pressure (MAP) can be 
determined by reading the cuff pressure from 
the graph of the nadir point 120 of the cycle 132 
wherein the nadir point 120 is positioned at the 
middle of the trough portion 144 of the cycle 
132. To clarify this, it should be noted that nadir 
point 120 intercepts bisector 140 of the fourth 
cycle 132. Further, the nadir point 118 of the 
prior cycle (third cycle 130) falls to the left of 
bisector 138 and the nadir point 122 of the 
succeeding cycle (fifth cycle 134) falls to the 
right of bisector 142. When one reads the cuff 
pressure at nadir point 120, one finds that the 
patient's mean arterial pressure is approximately 
93 mm Hg. 

It should be noted that the mean arterial 
pressure determined from Fig. 4 (93 mm Hg) is 
essentially the same as the mean arterial pres- 
sure (94 mm Hg) estimated from Fig. 2, wherein 
the maximum amplitude point method was uti- 
lized. One advantage to the use of the mid-point 



method over the maximum amplitude method is 
that the mid-point method is generally not as 
sensitive to extraneous noises and the maximum 
amplitude method. The mid-point method is not 

s as sensitive to noises for many of the same 
reasons that an FM radio signal is normally less 
noisy than an AM radio signal. 

Although the mid-point method of an em- 
bodiment of the present invention does provide 

70 an advance over the maximum amplitude meth- 
od, the mathematical calculation method is likely 
more accurate than the mid-point method. The 
mathematical calculation method is likely more 
accurate because it is less affected by the pa- 
is tient breathing deeply, the interposition of a 
sleeve between the cuff 10 and the body part, 
and the presence of a significant fat layer be- 
tween the arteries and skin layer of the patient. 
The mathematical calculation method is dis- 

20 cussed below as the third mode of an embodi- 
ment of the present invention. 

A graphic display is presented in Fig. 5 
which demonstrates the determination of a pa- 
tient's diastolic blood pressure according to the 

25 present invention. Fig. 5 displays a generally 
sinusoidal curve portion 150 of curve 51, which 
is comprised of a series of data points sepa- 
rated in time by about 0.037 second. Curve 
portion 150 overlaps with curve portion 100 (Fig. 

30 4) insofar as both curve portions 100, 150 share 
two apex points 110, 112, two nadir points 120, 
122 and cycle 134. Curve portion 150 also in- 
cludes apex points 156, 158, 160 and nadir 
points 164, 166, 168, 170. These apex points 

35 110, 112, 156, 158, 160 are nadir points 122, 
164, 166, 168, 170 define five pulse cycles 134, 
176, 178, 180, 182. Bisectors 184, 186 have 
been drawn through cycles 176 and 178, re- 
spectively, in a manner similar to the bisectors; 

40 80, 82 of Fig. 3 and the bisectors 138, 140, 142 
of Fig. 4. 

To choose a pressure determination point, 
one chooses a nadir point 166 and reads the 
cuff pressure (85 mm Hg.) at the pressure deter- 

45 mining nadir point 166. To determine which na- 
dir point to use as the pressure determination 
point, one uses the nadir point 166 which is 
located at, or adjacent to the end of the trough 
portion 188 of its respective cycle. As will be 

so noted from the graph, nadir points 164, 168, 170 
are generally not disposed adjacent to the end 
of their respective trough portions. As discussed 
in connection with Fig. 4, nadir point 120 is 
directly in the middle of the trough portion of its 

55 respective pulse cycle. 

Another way of viewing pressure determin- 
ing nadir point 166 is that nadir point 166 is at 
or adjacent to the beginning the portion of cycle 

12 
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178 wherein the arterial pulse signal rises rap- 
idly toward the successive apex point 158. The 
choice of a nadir point 166 which is disposed at, 
or near the beginning of the rapidly ascending 
portion of a cycle as a pressure determining 5 
point has physiological significance. A nadir 
point 166 so positioned indicates that the pres- 
sure exerted by the cuff 10 is sufficiently in- 
significant so that the cuff 10 no longer restricts 
the flow of blood through the arteries. As will be to 
familiar to medical practitioners, a patient's dia- 
stolic pressure is generally defined as the pres- 
sure at which the pressure exerted by a cuff 10 
no longer restricts the flow of blood. 

The applicant found that utilizing this meth- 75 
od provides a rather consistent and accurate 
determination of a patient's diastolic blood pres- 
sure. It is believed by applicant that the reason 
for this enhanced consistency and accuracy of 
the present invention is due to the fact that the 20 
present invention better captures the exact arte- 
rial pulse signal point wherein the pressure ex- 
erted by the cuff 10 no longer restricts the flow 
of blood past the cuff 10. Additionally the accu- 
racy and consistency of the method of the 25 
present invention are enhanced because the 
present invention is less affected by external 
noises that can affect the amplification of pulses. 
3. Third Mode . A graphic display of the blood 
pressure determination method of the present 30 
invention in its third mode is shown in Fig. 6. 
The third mode is utilized to determine a pa- 
tient's mean arterial pressure according to the 
"mathematical calculation method" of the 
present invention. The graphic display in Fig. 6 35 
shows a single pulse cycle having a plurality of 
data points connected together to form a gen- 
erally sinusoidal curve 200. Curve 200 correlates 
the arterial pressure of the patient as a function 
of time, with arterial pressure being displayed ao 
on the Y axis, and time being displayed on the 
X axis. Although cuff pressure is not shown in 
curve 200, the cuff pressure responding a curve 
200 is a cuff pressure lower than the patient's 
measured diastolic pressure. The reasons for 45 
choosing a cuff pressure less than diastolic 
pressure will be explained in more detail below. 

The graphic display shown in Fig. 6 is con- 
structed in the following manner. A single pulse 
cycle is utilized at a cuff pressure lower than the so 
patient's measured diastolic pressure. The apex 
point 202 of the cycle is then set at the patient's 
measured systolic pressure. In the instant exam- 
ple, this is 140 mm Hg. The lowest point of the 
cycle, nadir point 204, is then set at the patient's 55 
measured diastolic pressure. In the instant ex- 
ample, this is 85 mm Hg. Using these two 
known points, the graph is then calibrated by 



linearly interpolating arterial pressures between 
the measured systolic pressure and the mea- 
sured diastolic pressure on the graph to create a 
linear scale of arterial pressures. 

The mean arterial pressure should be less 
than the patient's systolic pressure, and greater 
than his diastolic pressure. A pressure deter- 
mination (deflection) point 206 is chosen be- 
cause it meets the following criteria: first, when 
measuring mean arterial pressure, the pressure 
determination point is a point on the curve 200 
wherein the patient's arterial pressure is de- 
creasing with time. In other words, the pressure 
determination point 206 will be somewhere be- 
tween the pulse maxima (apex point 202) and 
pulse minima (nadir point 204) and not at a point 
between the pulse minima (nadir point 204) and 
the pulse maxima of a succeeding cycle. 

The second criteria met by pressure deter- 
mination point 206 is that it represents a point 
wherein the rate of change of arterial pressure 
versus time changes significantly. When viewing 
the graph, this change is represented by a 
change in the slope of curve 200, wherein the 
slope of the curve 200 increases significantly. 
As shown in Fig. 6, the slope of the portion of 
curve 200 between apex point 202 and pressure 
determination point 206 is approximately minus 
225 mm Hg. per second, whereas the slope of 
the portion of curve 200 in the interval between 
pressure determination point 206 and nadir point 
204 is approximately minus 40 mm Hg. per 
second. Thus, it will be noticed that between 
pressure determination point 206 and nadir point 
204, the slope of curve 200 increases signifi- 
cantly, although still remaining negative. Al- 
though the slope of the portion of the curve 
between the pressure determination point 206 
and the nadir point 204 remains negative, the 
applicant has found that occasionally the slope 
of the curve will become positive for a short 
interval of this portion, such as between pres- 
sure determination point 206 and the two or 
three points which follow pressure determination 
point 206 It will be appreciated by those familiar 
with calculus that pressure determination point 
206 can also be described as a point wherein 
the first derivative of curve 200 changes signifi- 
cantly or a point wherein the rate of change in 
the slope of curve 200 reaches a maximum m 
the interval between apex point 202 and nadir 
point 204. 

The applicant has found that the use of a 
"deflection point," such as point 206, as a pres- 
sure determination point, yields quite consistent 
results in the measurement of the patient's 
mean arterial pressure. One experiment utilized 
by applicant to prove the consistency of this 
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mathematical calculation method as an accurate 
and consistent determinor of mean arterial pres- 
sure is shown in Figs. 6a and 6b. 

Fig. 6a shows a series of pulse cycles 
shown on a graph wherein arterial pulse signal 
is shown as a function of time. In the graphs of 
Figs. 6a and 6b, the arterial pulse signal equals 
zero (Y = 0) line, is set to equal the mathemat- 
ical true mean value of all pulsation signals 
displayed on the respective graphs. Another 
way of expressing this is that the area under 
entire curve 209 (Rg. 6a) equals the area of a 
rectangle defined by points A, B, C and D, 
which of course equals the area of the graph 
under the Y = 0 line. 

Rg. 6a shows a curve 209 of twelve pulse 
cycles recorded over a period of approximately 
ten seconds at a cuff pressure between 50 and 
40 mm Hg., a cuff pressure less than a typical 
Patient's diastolic pressure. It will be noticed 
that the pressure determining deflection points 
210 of each cycle tend to hover around the 
Y = 0 line, thus proving that the deflection point 
does accurately reflect the mean arterial pres- 
sure of the patient. 

Fig. 6b is an expanded view of the first 
three cycles 212, 214, 216 shown in Fig. 6a. 
This expanded view illustrates more clearly that 
pressure determining deflection points correlate 
well between each other around the Y = 0 line, 
and are not easily affected by other unknown 
oscillation noises. This fact is important in that it 
enables the present invention to provide a more 
precise method of determining mean arterial 
pressure than other known methods. 

It should be noted that the precision by 
which the mathematical calculation method of 
the present invention determines mean arterial 
pressure is dependent upon an accurate deter- 
mination of both systolic and diastolic pressures. 
This accurate determination is provided by the 
present invention and is described in conjunc- 
tion with Rgs. 3 and 4 above. 

The applicant has found that the mean arte- 
rial pressure is best measured at a cuff pressure 
less than the patient's diastolic pressure. At a 
pressure less than the patient's diastolic pres- 
sure, the cuff 10 and transducer 16 are utilized 
primarily as sensing devices to pick up the 
pulsation signal of the patient's arteries. When 
using a pressure-sensing or pulsation sensing 
device, such as an ultrasonic or optical trans- 
ducer to pick up and record the arterial pulse 
signals, it is expected that one will achieve the 
same correlations between the pressure deter- 
mination deflection point, the apex point, and the 
nadir point as are achieved through the use of a 
cuff 10 device. The similarity of these correla- 



tions permits a cuffless blood pressure measur- 
ing device to be utilized to provide accurate 
determinations of the patient's mean arterial 
pressure, so long as the patient's systolic and 

5 diastolic pressures are obtained by relatively 
accurate measuring devices. 

Another feature of an embodiment of the 
present invention is that if the practitioner has 
knowledge of the manner in which the mean 

w arterial deflection point, the systolic maximum 
apex point and the diastolic minimum nadir point 
are correlated, it is possible for the practitioner 
to determine any of the three points by knowing 
only two of the points. For example, if one 

15 obtains a patient's arterial pulse signal, diastolic 
pressure and mean arterial pressure, the practi- 
tioner can then calculate the patient's systolic 
pressure. 

The determination of the patient's mean ar- 

20 terial pressure is a very important for enabling 
the practitioner to treat the patient properly. As 
discussed above, the patient's mean arterial 
pressure is generally equal to the patient's car- 
diac output times the total peripheral resistance 

25 of the patient's cardiovascular circulatory sys- 
tem. In controlling a patient's hypertension, the 
practitioner can choose either to control the pa- 
tient's cardiac output by prescribing one type of 
medicine, or controlling the patient's total pe- 

30 ripheral resistance by prescribing another type 
of medicine. It is important for a practitioner 
prescribing such medicine to have an accurate 
reading of the patient's mean arterial pressure to 
determine the correct dosages of such medicine 

35 to administer. 

4 - Fourth Mode . Rg. 7 comprises a graphic 
display showing the present invention's fourth 
mode wherein data relating to arterial pulse 
wave forms is displayed as a function of time. 

40 One purpose of the fourth mode is to gather 
information about the condition of the patient's 
cardiovascular system, by determining the pa- 
tient's blood pressure. Three curves are drawn 
on Rgs. 7 and 7a. 

45 In Rg. 7, the first curve 240 comprises a 

series of data points connected together by the 
curve 240. The data points correspond to a 
arterial pressure pulse signal which, in the in- 
stant example, is measured at a cuff pressure 

so greater than the patient's systolic pressure. The 
second curve, first derivative curve 244, is a 
curve comprising the first derivative of the arte- 
rial pulse signal curve 240. The third curve 248 
comprises the integration of the arterial pressure 

55 pulse signal curve 240 over the duration of the 
portion of curve 240 shown in the graph. 

Rg. 7a contains three similar curves includ- 
ing an arterial pressure pulse signal curve 250, a 
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derivative curve 252 which is the first derivative 
of arterial pressure curve 250, and an integration 
curve 254 which is an integration of the arterial 
pressure curve 250. Fig. 7 displays arterial pulse 
wave forms for a person with a normal cardio- 5 
vascular condition, whereas Fig. 7a displays ar- 
terial pulse wave forms of a patient exhibiting 
hypertension. The patient whose arterial pulse 
wave forms are shown In Fig. 7a was found to 
have a measured systolic pressure of 158 mm 10 
Hg, a diastolic pressure of 80 mm Hg, and a 
mean arterial pressure of 105 mm Hg. As will be 
appreciated by those skilled in the medical art, a 
systolic pressure of 158 mm Hg is above nor- 
mal, is 

It should also be noted that although the 
information shown in Figs. 7 and 7a were ob- 
tained during a "test" wherein the cuff pressure 
was decreasing over time, this need not be the 
case. It is possible to obtain the information 20 
needed for the inventions' fourth and fifth mode 
by maintaining a constant cuff pressure. 

Comparing Figs. 7 and 7a, one will note that 
several differences exist between curves 240, 
244, 248 and curves 250, 252, 254. These differ- 25 
ences are indicative of the hypertensive con- 
dition of the patient of Fig. 7a. The first dif- 
ference between the two sets of curves is that 
the curves 250, 252, 254 of the hypertensive 
patient (Figs. 7a) are noisier than the curves 30 
240, 244, 248 of the normal patient (Fig. 7). A 
second difference between the two sets of 
curves is that the arterial pressure pulse curve 
250 of the hypertensive patient includes splits or 
dips such as at 256. These splits or dips 256 35 
are absent in the arterial pulse pressure signal 
curve 240 of the normal patient. These splits or 
dips 256 are also reflected in the first derivative 
curve 252 of the hypertensive patient as deflec- 
tion points 258 in the first derivative curve 252. 40 
The third difference between the two curves is 
that in the arterial pulse curve 250 of the hy- 
pertensive patient, the "diastolic" portion of the 
curve in each cycle from data point 260 to data 
point 262 rises to a higher level than the cor- 45 
responding diastolic portion (from point 264 to 
point 266) of the arterial pulse curve 240 of the 
normal patient. 

Several reasons exist for utilizing arterial 
pulse curves which are taken at a cuff pressure 50 
above the patient's systolic pressure. One rea- 
son for using a suprasystolic cuff pressure is 
that when the cuff pressure is greater than the 
systolic pressure, the patient's arterial vessels in 
the arm are blocked at the cuff 10 location. With 55 
such blockage, the blood vessels work as a 
signal transfer line which transmit pressure sig- 
nals from the heart to the aorta, and through the 



arterial blood vessels to the cuff 10, which then 
picks up the vibration signals. Although a vessel 
filled with blood is not a perfect vibration-con- 
ducting medium, the information so obtained 
should be qualitatively representative of the aor- 
ta pressure curve, which heretofore could only 
be measured by invasive blood pressure deter- 
mining means. Additionally, the information so 
obtained should also reflect other influences 
such as the characteristics of the arterial vessels 
and the cuff 10-to-blood- vessel coupling effects. 

Although an interpretation of the wave forms 
shown in Figs. 7 and 7a is very difficult, the 
wave forms of Figs. 7 and 7a are useful to the 
practitioner when compared to similar prior data 
from the same patient. When compared to such 
a prior data, the information of Figs. 7 and 7a 
can provide the practitioner with important in- 
formation about the condition of the patient's 
cardiovascular system, such as the deterioration 
of the patient's heart, aortic valve noises, and 
changes in blood flow due to changes in the 
patient's blood vessels. 

Additional information is provided by the 
first derivative curves 244, 252. The first deriva- 
tive curves 244, 252 display the change of slope 
of arterial pressure curves 240, 250, respec- 
tively. As such, the first derivative curves 244, 
252 are generally more sensitive to the pres- 
ence of low level noises. A display of these low 
level noises can be used by the practitioner to 
help better diagnose noises associated with cer- 
tain cardiovascular problems. For example, in 
Fig. 7a many of the small oscillation noises 
present in the arterial pulse pressure curve 250 
are better displayed on the first derivative curve 
252. Examples of these small oscillations are 
splits 256 which are better displayed as deflec- 
tion points 258 on the first derivative curve 252. 

The integration pressure curves 248, 254 
are the summation of the pressure signal data 
form the data collected at the beginning (left) of 
the graph to the last point collected and dis- 
played on the graph. Thus, the information dis- 
played by the integration curves 248, 254 re- 
lates to the total accumulated arterial pressure 
multiplied by time over the course of the dis- 
play. Since the information displayed in Figs. 7 
and 7a was obtained at suprasystolic pressures, 
no blood flowed through the body part in area of 
the cuff 10. The integration of each pulse there- 
fore provides information about the strength of 
each stroke of the heart Although the integration 
curves 248, 254 are difficult to interpret by 
themselves, they are useful to the practitioner 
when used in conjunction with similar integration 
curves taken from the patient at an earlier date, 
to provide information to the practitioner about 
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the condition of the patient's cardiovascular sys- 
tem. 

5. Fifth Mode . The graphic displays shown in 
Figs. 8 and 8a set forth data presented by the 
invention in its fifth mode. Figs. 8 and 8a are 5 
similar to Figs. 7 and 7a in that both sets of 
figures show arterial pulse wave forms as a 
function of time, and are utilized to provide 
information about the condition of the patient's 
cardiovascular condition by determining blood w 
pressure. 

Additionally, both sets of figures contain 
three curves. Figs. 8 and 8a each include arte- 
rial pressure pulse curves 300, 302, first deriva- 
tive curves 304, 306, and integration curves 308, 75 
310. The primary difference between Figs. 7 
and 7a and Figs. 8 and 8a is the Figs. 7 and 7a 
display information obtained at suprasystolic 
cuff pressures, whereas Figs. 8 and 8a display 
information obtained at subdiastolic cuff pres- 20 
sures. 

Fig. 8 presents information taken from a 
male patient having normal blood pressure, and 
Fig. 8a presents information taken from a male 
person exhibiting hypertension. Several major 25 
differences exist between the curves 300, 304, 
308 of the normal person (Fig. 8) and the curves 
302, 306, 310 of the hypertensive person (Fig. 
8a). First, it will be noticed that more high fre- 
quency noises are present on the arterial pulse 30 
pressure curve 302 of the hypertensive patient. 
Examples of such high frequency noises are 
best shown at points 311, 313 of the first deriva- 
tive curve 306 of Fig. 8a. 

A second difference is the presence of 35 
"splits" at the apex of the arterial pulse pressure 
curve 302 of the hypertensive patient. Although 
no splits are visible on the arterial pulse pres- 
sure curve 302 of the hypertensive patient, de- 
flection points 312 on the first derivative curve 40 
clearly indicate the presence of such splits. A 
third difference is that the hypertensive curve 
exhibits significant increases in the diastolic por- 
tion of the curve, between points 314, 316, simi- 
lar to the significant increase shown in the dia- 45 
stolic portions of the arterial pulse curve 250 
between points 260 and 262 of Fig. 7a. 

The information displayed in the fifth mode 
is similar to the information displayed in the 
fourth mode of the present invention. The pri- so 
mary difference between the information dis- 
played results from the fact that in the fourth 
mode (Figs. 7 and 7a) the cuff pressure at which 
the information is taken is at a suprasystolic 
pressure. Therefore, in the fourth mode, no 55 
blood is flowing past the cuff 10 picking up the 
signals. In the fifth mode, however, the restric- 
tions on the flow of blood caused by the cuff 10 



are minimal so that blood can flow through the 
area freely. 

Theoretically, in the fourth mode (above 
systolic pressure) with no blood flowing, the cuff 
10 measures the strength of the heart stroke 
which sends out a pressure signal to the cuff 10, 
whereas in the fifth mode (below diastolic pres- 
sure) the cuff 10 measures the oscillations of the 
arterial circulation system caused by the pres- 
sure wave emanating from the heart stroke on 
the arm where the cuff 10 is placed. Generally, 
therefore, the fourth mode, with no blood flow- 
ing, provides information about the strength of 
the heart contraction. The fifth mode, with the 
blood flowing without restriction, gives informa- 
tion to the practitioner about the flow of blood in 
the circulatory system. Information about the 
strength of the heart and the amount of biood 
flow in the cardiovascular system relate directly 
to the cardiac output and the resistance of the 
cardiovascular circulatory system respectively. 
As discussed above, information about cardiac 
output and the resistance of the cardiovascular 
system are essential to the practitioner in the 
diagnosis and treatment of patients having hy- 
pertension. 

6. Sixth Mode . The sixth mode in which the 
present invention can be used relates to the use 
of the method and apparatus of the present 
invention in conjunction with the tuning of a 
cardiac pacemaker. 

Two primary types of pacemakers exist 
fixed rate pacemakers and cardiac responsive 
pacemakers. A fixed rate pacemaker is a pace- 
maker that transmits an electrical impulse at a 
steady rate regardless of the patient's own car- 
diac impulses. Because such pacing interferes 
with normal cardiac activity, fixed rate pace- 
makers are rarely used. 

The far more commonly used pacemaker is 
a heart responsive pacemaker. A heart respon- 
sive pacemaker is one wherein the firing se- 
quence of the pacemaker is determined by a 
particular heart activity. Typically, these heart 
responsive pacemakers include a sensing elec- 
trode which can sense a heart electrical activity 
such as an R-wave or atrial depolarization. The 
heart responsive pacemaker is designed to ini- 
tiate a firing sequence after an appropriate delay 
from the sensed heart electrical activity. As used 
in this application, "firing sequence" refers to 
both the amount of time which constitutes the 
delay between the sensed heart electrical activ- 
ity, and the time at which the pacemaker trans- 
mits an electrical impulse to the heart or heart 
chamber. Additionally, the term firing sequence 
also includes the rate (usually expressed as 
beats per minute) at which these electrical im- 
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pulses are transmitted to the heart. 

Heart responsive pacemakers can be either 
dual chamber pacemakers or single chamber 
pacemakers. A dual chamber pacemaker con- 
tains a pair of electrodes to stimulate two heart 5 
chambers, such as the right atrium and right 
ventricle. A single chamber pacemaker stimu- 
lates only one of the heart's four chambers. 

One of the jobs of a cardiologist installing a 
pacemaker is to establish a proper firing se- 10 
quence for the pacemaker. To perform this, the 
doctor usually works in conjunction with a pace- 
maker engineer, as the pacemaker engineer has 
the proper tools and training to adjust the firing 
sequence of the pacemaker. A proper firing se- 75 
quence is usually established in the following 
manner. 

A patient is first hooked up to both an elec- 
trocardiograph (EKG) and the applicant's inven- 
tion. The pacemaker engineer and doctor first 20 
use the EKG to either lengthen or shorten the 
time between the sensed heart electrical activity 
and the transmission of an impulse, so that the 
patient's EKG closely approximates a "normal" 
EKG. If the doctor determines that the patient's 25 
EKG is abnormal, he will instruct the pacemaker 
engineer to either shorten or lengthen the firing 
sequence, as appropriate. 

When establishing a proper firing sequence 
for a dual chamber pacemaker, the pacemaker 30 
engineer and doctor will usually first establish 
the proper firing sequence of the pacemaker 
electrode which stimulates the ventricle. This 
procedure is known as "tuning the ventricle". 
After the ventricle is properly tuned, the pace- 35 
maker engineer and doctor will then establish a 
proper firing sequence for the electrode which 
stimulates the atrium ("tuning the atrium"). Pref- 
erably, the atrium and ventricle are tuned to- 
gether, to ensure that the relative firing se- 40 
quences of the two are complimentary, and to 
ensure that the patient's EKG approximates a 
normal EKG. Often, the pacemaker engineer will 
make adjustments to the tuning of the atrium 
and ventricle to finely tune the atrium firing 45 
sequence or ventricle firing sequence, to op- 
timize the proper relative firing sequences of the 
atrium and ventricle. In current practice, doctors 
will usually use a conventional non-invasive 
blood measuring device to determine and record so 
the patient's blood pressure. However, it is be- 
lieved that the blood pressure monitoring device 
is not used to tune the pacemaker. 

Even though the patient's EKG may approxi- 
mate a normal EKG, it has been found by the 55 
applicant that the indicated normalcy of the EKG 
does not always mean that the pacemaker is 
properly tuned to optimize the patient's 



hemodynamics. The present invention enables 
the physician to finely tune the firing sequence 
to optimize the patient's hemodynamics in the 
following manner. 

After the doctor and pacemaker engineer 
have tuned the firing sequence of the pace- 
maker as well as possible using the EKG, the 
device of the applicant's invention is used by 
the doctor and engineer in a manner similar to 
that described above in connection with the ap- 
plicant's method of determining the patient's 
blood pressure. The pressure induced by the 
pressure inducing means is elevated to a supra- 
systolic pressure. The pressure induced by the 
pressure inducing means is then decreased over 
time to a subdiastolic pressure. The transducer 
is used to obtain a data stream which includes 
pressure data and pulsation signal data. A 
graphic display means such as a video display 
monitor, or graphic printout is used to display 
the information stream. Preferably, the informa- 
tion stream is displayed as pulsation signal data 
as a function of cuff pressure data over a range 
from a suprasystolic pressure to a subdiastolic 
pressure. An example of such a graphic display 
is shown in Fig. 2. It will be noticed that the 
graphic display of Fig. 2 comprises a generally 
sinusoidal information stream curve containing a 
series of apex points, such as apex points 54, 
56, 61, 60 and 62, and a series of nadir points 
such as nadir points 58, 67 and 64. 

Rg. 2 shows a pulse signal vs. cuff pressure 
curve of a person having a normal, healthy 
cardiovascular condition. Several characteristics 
are shown in Rg. 2 which indicate that the 
patient's condition is normal and healthy. One 
characteristic relates to the shape of the pulse 
signal curve. If one were to create a curve by 
drawing a line which connected adjacent apex 
points (such as by drawing a line between apex 
points 54 and 56), and were to draw a second 
line which connected adjacent nadir points, one 
would create a pair of generally smoothly as- 
cending and descending bell-shaped curves. 
The line which connected adjacent apex points 
would be, to some extent, a mirror image of the 
line which connected adjacent nadir points. The 
line connecting adjacent apex points would rise 
smoothly, and reach its apex at peak apex point 
61. As the line continued to the right along the 
cuff pressure axis, it would descend gradualy 
toward the end of the graph. The line connecting 
adjacent nadir points would descend relatively 
smoothly, until it reached its lowest most point 
at the nadir point to the left of nadir point 67. 
The curve would then rise relatively smoothly to 
the end of the graph. 
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Another characteristic illustrating that the pa- 
tient's cardiovascular condition is in an accept- 
able, healthy range, is that the patient's systolic, 
diastolic and mean arterial pressures are in a 
normal range. As shown in Fig. 3, the patient's 5 
systolic pressure is about 140.0 mm Hg. As 
shown in Fig. 5, the patient's diastolic pressure 
is about 85 mm Hg. As shown in Figs. 3 and 6, 
the patient's mean arterial pressure is about 93 
mm Hg. w 

A graph of pulse signal vs. cuff pressure 
information is shown in Fig. 11. The patient for 
whom the information was taken was a patient in 
whom a heart responsive, dual chamber, right 
atrium and right ventricle pacemaker was being 75 
installed. However, during the time in which the 
information stream of Figure 1 1 was taken, only 
the right ventricle electrode was being fired. The 
doctor and pacemaker engineer finely tuned this 
patient's right ventricle as well as they were able 20 
with an EKG. The apparatus of the present in- 
vention was then activated and the information 
stream shown in Fig. 11 was generated using 
the method of the present invention. 

When the information stream of Fig. 11, is 25 
compared to the information stream of Fig. 2, it 
will be noticed that the graphic displays are 
substantially different. The lines 402, 404 in Fig. 
11 the adjacent apex points and nadir points, 
respectively, do not approximate a smooth bell 30 
curve about the cuff pressure axis. Rather, the 
relative increase or decrease in arterial pulse 
signals between adjacent points appears to be 
rather irregular. Although the information stream 
shown in Fig. 2 also contains irregularities, it will 35 
be noticed that the degree of irregularity of the 
information stream shown in Fig. 11 far exceeds 
the irregularity shown in Fig. 2. Although the 
irregularity displayed by the information stream 
of Fig. 2 can be attributed to artifacts in the 40 
data, or aspiration by the patient, the high de- 
gree of irregularity shown in Rg. 11 rules out 
such artifacts or aspiration as the cause of the 
irregularities. 

By examining the information stream shown 45 
in Rg. 11, and comparing it to a normal informa- 
tion stream (e.g. Rg 2) the doctor can better 
determine whether the firing sequence of the 
pacemaker is correct. The high degree of irregu- 
larity indicates to the doctor and pacemaker 50 
engineer that the firing sequence, or some other 
characteristic of the pacemaker is not correctly 
adjusted. For example, the abnormality shown in 
Rg. 11 may indicate that the pacemaker en- 
gineer did not properly establish the timing or 55 
sensing of the R-wave or arterial depolarization 
signal. Another possibility is that the doctor and 
pacemaker engineer did not adjust the firing 



sequence correctly. A third problem that may be 
causing the irregularity is that one or both elec- 
trodes may be mis-positioned in the heart. 

An unexpected phenomena was observed 
during the generation of the information stream 
on Rg. 11. Using the present invention, the 
patient's blood pressure was measured as 
systolic: 120, diastolic: 75, mean arterial: 90. 
The irregularity of the signal appeared to induce 
error in a conventional non-invasive blood pres- 
sure measuring device used in tandem with the 
applicant's invention. This conventional blood 
pressure device reported that the same patient's 
blood pressures were systolic: 149, diastolic: 60, 
and mean arterial: 109. 

In response to the irregularities shown in 
Rg. 11, the doctor and pacemaker engineer 
should reconnect the patient to the electrocar- 
diograph, and re-tune the pacemaker or reposi- 
tion the electrodes to establish a more regular 
arterial pulse signal, and hence better tune the 
pacemaker to the patient's hemodynamics. The 
procedure of tuning the pacemaker and then 
using the instant invention to detect irregularities 
in the patient's arterial pulse signal is repeated 
as often as necessary to minimize the cardio- 
vascular irregularities displayed in the informa- 
tion stream. 

Rg. 12 shows a graphic display of the pa- 
tient's arterial pulse signal that is graphed as a 
function of cuff pressure for the same patient 
during the time when only the pacemaker's right 
atrium electrode was transmitting impulses. The 
graphic display of Rg. 12 exhibits a different set 
of irregularities than that shown in Rg. 11. 

It will be noticed that if one were to draw a 
line connecting adjacent apex points, such as 
apex points 410, 412 and 414, and to draw a 
second line connecting adjacent nadir points, 
such as nadir points 416, 418, 420, and 422, the 
two resultant lines would approximate a normal, 
bell shaped curve. Notwithstanding the seem- 
ingly normal appearance, it will be noticed from 
the graph that the patient's systolic blood pres- 
sure, as determined form nadir point 422, is 
approximately 155 mm Hg. As will be appre- 
ciated, this systolic pressure far exceeds the 
normal range of systolic blood pressures, and 
represents an unhealthy blood pressure situ- 
ation. 

This abnormally high systolic pressure may 
indicate that the right atrium is pumping too 
much blood for the remainder of the heart to 
properly handle. One possible solution for this 
problem is for the cardiologist to install a dual 
chamber pacemaker to stimulate another cham- 
ber in the heart. This second chamber so stimu- 
lated will then be capable of pumping this addi- 
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tional blood being fed to it by the stimulated 
right atrium. This dual chamber stimulation will 
likely result in the volumes being pumped by 
the four chambers of the heart being more "in 
balance", and the pumping cycle of the heart 5 
being more in tune with the natural rhythm of 
the heart. 

A graphic display of an arterial pulse signal 
which represents a patient having a dual cham- 
ber, heart responsive pacemaker in shown in w 
Fig. 13. The particular pacemaker used to gen- 
erate the information stream of Fig. 13 was one 
which stimulated both the right ventricle and the 
right atrium. Fig. 13 also shows an information 
stream which represents a pacemaker finely 75 
tuned to an acceptable condition, for the same 
patient whose information streams are shown in 
Figs. 11 and 12 as being unacceptable. 

It will be noticed that a line drawn between 
adjacent apex points, such as apex points 428, 20 
430, 432 and 434, and a line drawn between 
adjacent nadir points, such as nadir points 438, 
440, 442 and 446 would produce a pair of 
generally bell shaped curves about the axis of 
cuff pressure. Admittedly, the bell shaped 25 
curves produced from the information stream of 
graph 11 are not as symmetrical as the bell 
shaped a curves produced from the information 
stream of Fig. 2. However, it must be remem- 
bered that the information stream shown in Fig. 30 
13 represents an acceptable absence of ir- 
regularities in view of the fact that the patient's 
heart is probably in a substandard condition. 
Additionally, it will be noticed from the informa- 
tion stream displayed in Fig. 13 that the pa- 35 
tienfs systolic pressure is at about 130 mm Hg., 
the patient's diastolic pressure is at about 65 
mm Hg, and his mean arterial pressure is about 
80 mm Hg. Thus, the patient's blood pressures 
are also within an acceptable range. A condition 40 
such as that shown in graph 1 3 indicates to the 
physician and the pacemaker engineer that the 
pacemaker is well tuned for that particular pa- 
tient, and that the firing sequence established by 
the pacemaker is acceptable. 45 

The present invention also has utility in en- 
abling the physician to monitor the pacemaker's 
performance after the installation. The amount, 
type, and accuracy of the information presented 
by the present invention will enable the physi- 50 
cian to determine whether the pacemaker is 
performing properly when the physician exam- 
ines the patient during routine check-ups. 

Claims 55 

1. A method of determining blood pressure of a 
patient comprising the steps of: 



(a) affixing a non-invasive pressure inducing 
means (10) and transducer means (16) to 
the patient, 

(b) elevating the pressure induced by the 
pressure inducing means to a suprasystolic 
pressure, 

(c) decreasing the pressure induced by the 
pressure inducing means (10) over time to a 
pressure below diastolic pressure, 

(d) obtaining a data stream (30) from the 
transducer means (10), the data stream (30) 
including pressure data and pulsation signal 
data, 

(e) processing said data stream to create a 
generally sinusoidal information stream 
curve (51) which correlates the pressure 
data and the pulsation signal data, the in- 
formation stream including at least two 
pulse maximum points (54, 56, 74, 75, 108. 
110, 156, 158) and at least one pulse mini- 
mum point (58, 72, 120, 166), where the 
maximum and minimum points correspond 
to apex and nadir points respectively of the 
generally sinusoidal information stream 
curve (51) which includes at least one pulse 
cycle defined as an interval between a pair 
of consecutive pulse maximum points, and 
also includes a pulse signal rapidly decreas- 
ing portion (81), a pulse signal trough por- 
tion (83) and a pulse signal rapidly ascend- 
ing portion (85), 

(f) examining the information stream to de- 
termine at least one of the systolic, diastolic 
and mean arterial pressures of the patient 
by selecting a pressure determination point 
in the information stream, characterised in 
that 

(g) step f comprises: 

(i) determining the systolic pressure from 
pressure data at the pulse minimum 
point by selecting the at least one pulse 
minimum point of the pulse cycle such 
that the pulse minimum point (72) occurs 
at the beginning of the pulse signal 
trough portion of the pulse cycle (72, 74, 
75) adjacent to the pulse signal rapidly 
decreasing portion; or 

(ii) determining the diastolic pressure 
from pressure data at the pulse minimum 
point by selecting the at least one pulse 
minimum point of the pulse cycle such 
that the pulse minimum point (166) oc- 
curs at the end of the pulse signal trough 
portion adjacent to the pulse signal rap- 
idly ascending portion; or 

(iii) determining the mean arterial pres- 
sure from pressure data at the pudse 
minimum point by selecting the at least 
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one pulse minimum point of the pulse 
cycle such that the pulse minimum point 
(120) occurs in the middle (140) of the 
pulse signal trough portion (144) of the 
pulse cycle; or 5 
(iv) some combination of (i) to (iii) 

2. The method of claim 1 wherein said at least 
two pulse maximum points comprise at least 
two consecutive pulse maximum points (54, 56 10 
or 60, 62) and the step of selecting the pulse 
minimum point comprises the step of selecting 
the pulse minimum point (58 or 64) between 
the at least two pulse maximum points which 
meets at least one of the following criteria: 75 

(a) the putse minimum point (58) occurs 
between a pair of consecutive pulse maxi- 
mum points (54, 56) wherein the first pulse 
maximum point (54) is substantially less 
than the second pulse maximum point (56) 20 
or 

(b) the pulse minimum point (64) occurs 
between a pair of consecutive pulse maxi- 
mum points (60, 62) wherein the first pulse 
maximum point (60) is substantially greater 25 
than the second pulse maximum point (62). 



9. The method of any of claim 1 to 7 for deter- 
mining the diastolic pressure wherein the pulse 
minimum point (166) occurs in the pulse signal 
trough portion at a last data point of the pulse 
signal trough portion. 

10. The method of any of claims 1 to 7 for deter- 
mining the mean arterial pressure wherein the 
pulse minimum point (120) occurs at a pres- 
sure data point generally equal to the average 
of the pressure data points of the two pulse 
maximum points (108, 110) which define the 
pulse cycle. 

11. The method of claim 1 wherein the step of 
processing said data stream to create an in- 
formation stream comprises the step of creat- 
ing a generally sinusoidal information stream 
curve (51) comprised of a series of pulse cy- 
cles, each pulse cycle being defined by an 
interval of the curve between adjacent pulse 
maximum points, and each cycle including a 
rapidly descending portion (81), a trough por- 
tion (83), a rapidly ascending portion (85), and 
the at least one pulse minimum point (88) 
comprising a point in the trough portion (83). 



a The method of claim 1 further comprising the 
steps of providing a graphic display means 
(42, 46) and (graphically displaying the informa- 
tion stream. 

4. The method of claim 3 wherein the step of 
graphically displaying the information stream 
comprises the step of graphically displaying 
the pulsation signal data as a function of in- 
duced pressure. 

5. The method of claim 3 wherein the step of 
graphically displaying the information stream 
comprises the step of graphically displaying 
(49) the pulsation signal data as a function of 
time. 

6. The method of any of claims 3 to 5 wherein 
the step of providing a graphic display means 
comprises the step of providing a video dis- 
play means (42). 

7. The method of any of claims 3 to 6 wherein 
the step of providing a graphic display means 
comprises the step of providing a printer 
means (46). 

8. The method of any preceding claim for deter- 
mining the systolic pressure wherein the pulse 
minimum point (72) occurs at a first data point 
of the pulse signal trough portion. 



12. The method of any of claims 1 to 11 further 
comprising the steps of providing a data stor- 

30 age means (50) for storing the information of 

the data stream (30) and storing the informa- 
tion of the data stream. 

13. The method of claim 1 wherein the step of 
35 examining the information stream (200) to de- 
termine at least on of the systolic, diastolic and 
mean arterial pressure comprises the steps of: 

(a) creating a scale of arterial pressures by 
setting the arterial pressure at one of the at 

40 least two pulse maximum points (202) equal 

to the determined systolic pressure, and 
setting the arterial pressure at the pulse 
minimum point (204) to equal the deter- 
mined diastolic pressure, 

45 (b) selecting a pressure determination point 

(206) in the information stream curve, and 
(c) utilising the chosen pressure determina- 
tion point, the scale of arterial pressure, and 
the determined systolic and diastolic pres- 

50 sure to determine the patient's mean arterial 

pressure. 

14. The method of claim 13 wherein the step of 
creating the scale of arterial pressure includes 

55 interpolating the arterial pressures between the 
one pulse maximum point (202) and the one 
pulse minimum point (204). 
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15. The method of claim 14 wherein the step of 
creating a scale of arterial pressures com- 
prises the step of creating the scale by linearly 
interpolating the arterial pressures. 

16. The method of claim 14 wherein the step of 
selecting a pressure determination point com- 
prises the step of selecting a data point in the 
information stream between the one pulse 
maximum point (202) and the one pulse mini- 
mum point (204) and utilising the arterial pulse 
pressure at the pressure determination point 
(206) so selected to determine the mean arte- 
rial pressure. 

17. The method of claim 13 wherein the step of 
selecting a data point in the information stream 
comprises the step of selecting a pressure 
determination point wherein the slope of said 
information stream curve (200) changes signifi- 
cantly. 

1a The method of claim 17 wherein the step of 
selecting a pressure determination point 
wherein the slope of the information stream 
curve changes significantly comprises the step 
of selecting a data point (206) in the informa- 
tion stream curve wherein the slope increases 
significantly. 

19. The method of claim 17 wherein the step of 
selecting a pressure determination point (206) 
wherein the slope of the information stream 
(200) changes significantly comprises the step 
of selecting a data point wherein the rate of 
change of the slope of the curve is maximised 
in the interval between said one pulse maxi- 
mum point (202) and said one pulse minimum 
point (204). 

20. The method of claim 16 wherein the step of 
selecting a pressure determination point in the 
information stream curve comprises the step of 
selecting a pressure determination point (206) 
in the information stream curve wherein the 
rate of change of arterial pressure as a func- 
tion of the time decreases significantly. 

21. The method of claim 13 wherein the step of 
selecting a pressure determination point com- 
prises the step of selecting a pressure deter- 
mination point in the information stream curve 
at a point wherein the pressure exerted on the 
patient by said pressure inducing means is 
less than the patient's diastolic pressure. 

22. The method of claim 1 further comprising the 
steps of: 



(a) processing the information stream to 
create a first derivative stream which in- 
cludes information relating to the rate of 
change of the data of the information 

5 stream, and an integration stream, and 

(b) examining at least one of the information 
stream, first derivative stream and integra- 
tion stream to determine the condition of 
the patient's cardiovascular system. 

70 

23. The method of claim 22 further comprising the 
steps of providing a graphic display means 
(42) and graphically displaying the information 
stream as an arterial pulse curve (240, 250) 

T5 and the first derivative stream as a first deriva- 

tive curve (244, 252). 

24. The method of claim 22 wherein the step of 
obtaining a data stream from the transducer 

20 comprises the step of obtaining a data stream 
from the transducer means at a pressure in- 
duced by the pressure inducing means greater 
than the systolic pressure of the patient, and 
the step of examining at least one of the in- 

25 formation stream (240, 250), first derivative 

stream (244, 252) and integration stream (248, 
254) comprises the step of examining the in- 
tegration stream to determine the strength of 
the heart contraction of the patient. 

30 

25. The method of claim 22 wherein the step of 
obtaining a data stream from the transducer 
means comprises the step of obtaining a data 
stream from the transducer means at a pres- 

35 sure induced by the pressure inducing means 

less than the diastolic pressure of the patient 
and the step of examining at least one of the 
information stream (300), first derivative stream 
(304), and integration stream (308) comprises 

40 the step of examining the integration stream 

(308) to determine information about the flow 
of blood in the circulatory system of the pa- 
tient. 

45 26. The method of claim 22 wherein the step of 
examining at least one of the information 
stream, first derivative stream and integration 
stream comprises the step of detecting the 
presence of cardiovascular noises (256) by ex- 

50 amining the first derivative stream (250). 

27. The method of claim 1 , further comprising the 
step of tuning a heart pacemaker based upon 
the information examined in the information 

55 stream. 

28. The method of claim 27 wherein the step of 
tuning a heart pacemaker includes the steps Of 
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(a) using an electrocardiographic device to 
adjust the firing sequence of the pacemak- 
er, 

(b) examining the information stream to de- 
tect cardiovascular irregularities displayed in 5 
the information stream, and 

(c) repeating steps (a) and (b), if necessary, 
to minimise the cardiovascular irregularities 
displayed in the information stream. 

10 

29. The method of claim 28 further comprising the 
steps of providing a graphic display means, 
and graphically displaying the information 
stream, as pulsation signal data as a function 

of induced pressure data over a range from a 75 
suprasystolic pressure to a subdiastolic pres- 
sure to create a generally sinusoidal informa- 
tion stream curve containing a series of pulse 
maximum points (410, 412, 414) and a series 
of pulse minimum points (416, 418, 420). 20 

30. The method of claim 29 wherein the step of 
examining the information stream comprises 
the step of examining the information stream 
curve to determine whether at least one of the 25 
series of pulse maximum points and pulse 
minimum points forms a generally smoothly 
ascending and descending bell shaped curve 
relative to a graphic axis of induced pressure. 

30 

31. The method of claim 29 wherein the step of 
examining the information stream comprises 
the step of examining the information stream 
curve to determine at least one of the patient's 
systolic, diastolic and mean arterial blood pres- 35 
sure, to determine whether said at least on of 

the patient's systolic, diastolic and mean arte- 
rial blood pressure falls outside of a phys- 
iologically acceptable range. 

40 

32. Apparatus for performing the method of claim 
1 comprising: 

(a) a non-invasive pressure inducing means 
(10) and a transducer means (16) 

(b) means elevating the pressure induced 45 
by the pressure inducing means to a 
syprasystolic pressure of a patient 

(c) means for decreasing the pressure in- 
duced by the pressure inducing means (10) 
over time to a pressure below diastolic so 
pressure of a patient 

(d) means for processing a data stream 
including pressure data and pulsation signal 
data produced by the transducer means 

(10) to create a generally sinusoidal infor- 55 
mation stream curve (51) which correlates 
the pressure data and the pulsation signal 
data, the information stream including at 



least two pulse maximum points (54, 56, 74, 
75, 108. 110, 156. 158) and at least one 
pulse minimum point (58, 72, 120, 166), 
where the maximum and minimum points 
correspond to apex and nadir points respec- 
tively of the generally sinusoidal information 
stream curve (51) which includes at least 
one pulse cycle defined as an interval be- 
tween a pair of consecutive pulse maximum 
points, and also includes a pulse signal 
rapidly decreasing portion (81), a pulse sig- 
nal trough portion (83) and a pulse signal 
rapidly ascending portion (85), 

(e) means for examining the information 
stream (51) to determine at least one of the 
systolic, diastolic and mean arterial pres- 
sures of the patient by selecting a pressure 
determination point in the information 
stream, 

characterised in that 

(f) the means for determining at least one of 
the systolic, diastolic and mean arterial 
pressures comprises means for selecting 
the pulse minimum point (58) occurring 

(i) at the beginning of the pulse signal 
trough portion of the pulse cycle (72, 74, 
75) adjacent to the pulse signal rapidly 
decreasing portion where the apparatus 
is for determining systolic pressure; or 

(ii) at the end of the pulse signal trough 
portion adjacent to the pulse signal rap- 
idly ascending portion where the appara- 
tus is for determining diastolic pressure; 
or 

(iii) in the middle (140) of the pulse sig- 
nal trough portion (144) of the pule cycle 
where the apparatus is for determining 
mean arterial pressure; or 

the means for determining at least 
one of the systolic, diastolic and mean 
arterial pressures comprises means for 
selecting the pulse minimum point (58) 
according to 

(iv) some combination of (i) to (iii) 

33. The apparatus claimed in claim 32 further 
comprising an electrocardiographic device and 
a pacemaker wherein the electrocardiographic 
device is arranged to adjust the firing se- 
quence of the pacemaker to minimise cardio- 
vascular irregularities displayed in the informa- 
tion stream. 

Patentansprtlche 

1. Verfahren zum Bestimmen des Blutdruckes ei- 
nes Patienten mit den folgenden Schritten: 
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(a) Anbringen einer nicht eingreifenden 
Druckinduziereinrichtung (10) und ernes 
Druckwandlers (16) an dem Patienten, 

(b) ErhShen des durch die Druckinduzier- 
einrichtung induzierten Druckes auf einen 5 
Druck oberhalb des systolischen Druckes, 

(c) Absenken des Druckes mit der Zeit, der 
durch die Druckinduziereinrichtung (10) in- 
duziert wird, auf einen Druck unterhalb des 
diastolischen Druckes. w 

(d) Erhalten eines Datenstromes (30) aus 
der Wandlereinrichtung (10), wobei der Da- 
tenstrom (30) Druckdaten und Pulssignalda- 
ten aufweist, 

(e) Verarbeiten des Datenstromes, um eine is 
in etwa sinusformige Informationsstromkur- 

ve (51) zu erzeugen, weiche die Druckdaten 
und die Puissignaldaten miteinander korre- 
Hert, wobei der Informationsstrom zumindest 
zwei Maximalpunkte des Pulses (54, 56, 74, 20 
75, 108, 110, 156, 158) und zumindest ei- 
nen Minimalpunkt des Pulses (58, 72, 120, 
176) aufweist, wobei die Maximal- und Mini- 
malpunkte Spitzen bzw. FuBpunkten der in 
etwa sinusformigen informationsstromkurve 25 
(51) entsprechen, weiche zumindest einen 
Pulszyklus enthait, der als fntervail zwi- 
schen einem Paar aufeinanderfolgender 
Pulsmaxima definiert ist, und auBerdem ei- 
nen schnell abfailenden Abschnitt (81) des 30 
Pulssignales, einen Durchgangsabschnitt 
(83) des Pulssignales und einen schnell an- 
steigenden Abschnitt (85) des Pulssignales 
enthait. 

(f) Untersuchen des Informationsstromes, 35 
um zumindest einen der Werte, systoli- 
scher, diastolischer und mittlerer arterieller 
Druck, des Patienten zu bestimmen, indem 

ein Druckbestimmungspunkt in dem Infor- 
mationsstrom ausgewahlt wird, dadurch ge- 40 
kennzeichnet , daB 

(g) der Schritt f aufweist: 

(i) Bestimmen des systolischen Druckes 
aus den Druckdaten bei dem Pulsmini- 
mumpunkt, indem der zumindest eine 45 
Pulsminimumpunkt des Pulszyklus so 
ausgewahlt wird, daB der Pulsminimum- 
punkt (72) zu Beginn des Durchgangsab- 
schnittes des Pulssignales des Pulszy- 
klus (72, 74, 75) neben dem schnell ab- 50 
fallenden Abschnitt des Pulssignales auf- 

tritt, Oder 

(ii) Bestimmen des diastolischen Druckes 
aus Druckdaten an dem Pulsminimal- 
punkt des Pulszyklus, so daB der Pulsmi- 55 
nimalpunkt (166) am Ende des Durch- 
gangsabschnittes des Pulssignales ne- 
ben dem schnell ansteigenden Pulssi- 



gnalabschnitt auftritt, Oder 

(iii) Bestimmen des mittleren arteriellen 
Druckes aus den Drudkdaten bei dem 
Pulsminimum durch Auswahl des zumin- 
dest einen Pulsminimalpunktes des Puls- 
zyklus, so daB der Pulsminimalpunkt 
(120) in der Mitte des Durchgangsab- 
schnittes (144) des Pulssignales in der 
Mitte des Pulszyklus liegt, Oder 

(iv) irgendeine Kombination der Schritte 
(i) bis (iii). 

2. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, daB die beiden Pulsmaximalpunkte 
zumindest zwei aufeinanderfolgende Pulsmaxi- 
malpunkte (54, 56 Oder 60, 62) aufweisen und 
daB der Schritt des AuswShlens des Pulsmini- 
malpunktes den Schritt aufweist, daB der Puls- 
minimalpunkt (58 oder 64) zwischen den zu- 
mindest zwei Impulsmaximalpunkten aufweist, 
wobei zumindest eine der folgenden Bedingun- 
gen erfulft wird: 

(a) der Pulsminimalpunkt (58) tritt zwischen 
einem Paar aufeinanderfolgender Pulsmaxi- 
malpunkte (54, 56) auf, wobei der erste Im- 
puismaximalpunkt (54) betrachtlich kleiner 
ist als der Maximalpunkt (56) des zweiten 
Impulses, oder 

(b) der Pulsminimalpunkt (64) tritt zwischen 
einem Paar aufeinanderfolgender Pulsmaxi- 
malpunkte (60, 62) auf, wobei der erste 
Pulsmaximalpunkt (60) betrachtlich groBer 
ist als der zweite Pulsmaximalpunkt (62). 

3. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, daB es weiterhin die Schritte, Bereit- 
stellen einer graphischen Anzeigeeinrichtung 
(42,46) und graphisches Anzeigen des Infor- 
mationsstromes, aufweist. 

4. Verfahren nach Anspruch 3, dadurch gekenn- 
zeichnet, daB der Schritt des graphischen Dar- 
stellens des Informationsstromes den Schritt 
der graphischen Anzeige der Puissignaldaten 
als Funktion des induzierten Druckes aufweist 

5. Verfahren nach Anspruch 3, dadurch gekenn- 
zeichnet, daB der Schritt des graphischen Dar- 
stellens des Informationsstromes den Schritt 
der graphischen Anzeige (49) der Puissignal- 
daten als Funktion der Zeit aufweist 

6. Verfahren nach einem der Ansprtiche 3 bis 5, 
dadurch gekennzeichnet, daB der Schritt der 
Bereitstellung einer graphischen Anzeigeein- 
richtung den Schritt aufweist, daB eine Video- 
anzeigeeinrichtung (42) bereitgestellt wird. 



23 



45 



EP 0 365 614 B1 



46 



7. Verfahren nach einem der Anspriiche 3 bis 6, 
wobei der Schritt des Bereitstellens einer gra- 
phischen Anzeigeeinrichtung den Schritt auf- 
weist, daB eine Druckeinrichtung (46) (Drucker) 
bereitgestellt wird. 5 

a Verfahren nach einem der vorstehenden An- 
sprUche zum Bestimmen des systolischen 
Druckes, dadurch gekennzeichnet, daB der 
Pulsminimalpunkt (72) an einem ersten Daten- 10 
punkt des Durchgangsabschnittes des Impuls- 
signales auftritt. 

9. Verfahren nach einem der AnsprUche 1 bis 7, 
zum Bestimmen des diastolischen Druckes, is 
dadurch gekennzeichnet, daB der Pulsminimal- 
punkt (166) in dem Durchgangsabschnitt des 
Pulssignales an einem letzten Datenpunkt des 
Durchgangsabschnittes des Pulssignales auf- 
tritt. 20 

10. Verfahren nach einem der AnsprUche 1 bis 7. 
zum Bestimmen des mittleren arteriellen Druk- 
kes, dadurch gekennzeichnet, daB der Pulsmi- 
nimalpunkt (120) an einem Druckdatenpunkt 25 
auftritt, der in etwa gleich dem Durchschnitt 

der Druckdatenpunkte der beiden Pulsmaxi- 
malpunkte (108, 110) ist, die den Pulszyklus 
definieren. 

30 

11. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, daB der Schritt des Verarbeitens des 
Datenstromes zur Erzeugung eines Informa- 
tionsstromes den Schritt aufweist, daB eine in 
etwa sinusformige Informationsstromkurve (51) 35 
erzeugt wird, die aus einer Reihe von Pulszy- 
klen besteht, wobei jeder Pulszyklus durch ein 
Intervall der Kurve zwischen benachbarten 
Pulsmaximalpunkten definiert wird, und wobei 
jeder Zyklus einen schnell abfallenden Ab- 40 
schnitt (81), einen Durchgangsabschnitt (83), 
einen schnell ansteigenden Abschnitt (85) ein- 
schlieBt und der zumindest eine Pulsminimal- 
punkt (88) einen Punkt in dem Durchgangsab- 
schnitt (83) aufweist. 45 

12. Verfahren nach einem der AnsprGche 1 bis 11, 
dadurch gekennzeichnet, daB es weiterhin die 
Schritte aufweist, daB eine Datenspeicherein- 
richtung (50) zum Speichern der Information so 
des Datenstromes (30) und das Speichern der 
Information des Datenstromes aufweist. 

13. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, daB der Schritt des Untersuchens 55 
des Inform ationsstromes (200) zur Bestim- 
mung zumindest eines der DrUcke, systoli- 
scher, diastolischer und mittlerer arterieller 



Druck, die Schritte aufweist: 

(a) Erzeugen einer Skala arterieller DrUcke 
durch Einstellen des arteriellen Druckes an 
einem der zumindest zwei Pulsmaximal- 
punkte (202) gleich dem bestimmten systo- 
lischen Druck, und Einstellen des arteriellen 
Druckes an dem Minimalpunkt (204), so daB 
er gleich dem bestimmten diastolischen 
Druck ist, 

(b) Auswahlen eines Druckbestimmungs- 
punktes (206) in der Informationsstromkur- 
ve, und 

(c) Verwenden des gewShlten Druckbestim- 
mungspunktes, der Skala des arteriellen 
Druckes und des bestimmten systolischen 
und diastolischen Druckes, urn den mittle- 
ren arteriellen Druck des Patienten zu be- 
stimmen. 

14. Verfahren nach Anspruch 13, dadurch gekenn- 
zeichnet, daB der Schritt des Erzeugens der 
Skala des arteriellen Druckes die Interpolation 
der arteriellen DrUcke zwischen dem einen 
Pulsmaximalpunkt (202) und dem einen Puls- 
minimalpunkt (204) einschlieBt 

15. Verfahren nach Anspruch 14, dadurch gekenn- 
zeichnet, daB der Schritt des Erzeugens einer 
Skala der arteriellen DrUcke den Schritt auf- 
weist, daB die Skala durch eine lineare Interpo- 
lation der arteriellen DrUcke erzeugt wird. 

16. Verfahren nach Anspruch 14, dadurch gekenn- 
zeichnet, daB der Schritt des Auswahlens ei- 
nes Druckbestimmungspunktes den Schritt 
aufweist, daB ein Datenpunkt in dem Informa- 
tionsstrom zwischen dem einen Pulsmaximal- 
punkt (202) und dem einen Pulsminimalpunkt 
(204) ausgewahlt wird und daB der arterielle 
Pulsdruck an dem so ausgewMhlten Druckbe- 
stimmungspunkt (206) verwendet wird, urn den 
mittleren arteriellen Druck zu bestimmen. 

17. Verfahren nach Anspruch 13, dadurch gekenn- 
zeichnet, daB der Schritt des AuswMhlens ei- 
nes Datenpunktes in dem Informationsstrom 
den Schritt aufweist, daB ein Druckbestim- 
mungspunkt ausgewahlt wird, an welchem die 
Steigung der Informationsstromkurve (20) sich 
signifikant Sndert. 

18. Verfahren nach Anspruch 17, dadurch gekenn- 
zeichnet, daB der Schritt des Auswahlens ei- 
nes Druckbestimmungspunktes, an welchem 
die Steigung der Informationsstromkurve sich 
signifikant andert, den Schritt aufweist, daB ein 
Datenpunkt (206) in der Informationsstromkur- 
ve ausgewahlt wird, bei welchem die Steigung 
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signifikant groBer wird. 

19. Verfahren nach Anspruch 17, wobei der Schritt 
des Auswahlens eines Druckbestimmungs- 
punktes (206), an welchem die Steigung des 5 
Informationsstromes (200) sich signifikant ver- 
andert, den Schritt aufweist, daB ein Daten- 
punkt ausgewahlt wird, an welchem die Ande- 
rungsrate der Steigung der Kurve in dem inter- 

vail zwischen dem einen Pulsmaximalpunkt 10 
(202) und dem einen Pulsminimalpunkt (204) 
maximal wird. 

20. Verfahren nach Anspruch 16, dadurch gekenn- 
zeichnet, daB der Schritt des Auswahlens ei- 75 
nes Druckbestimmungspunktes in der Informa- 
tionsstromkurve den Schritt aufweist, daB ein 
Druckbestimmungspunkt (206) in der Informa- 
tionsstromkurve ausgewMhlt wird, bei welchem 

die Anderungsrate des arteriellen Druckes als 20 
Funktion der Zeit signifikant abfallt. 

21. Verfahren nach Anspruch 13, dadurch gekenn- 
zeichnet, daB der Schritt des Auswahlens ei- 
nes Druckbestimmungspunktes den Schritt 25 
aufweist, daB ein Druckbestimmungspunkt in 

der Informationsstromkurve an einem Punkt 
ausgewahlt wird, an welchem der auf den Pa- 
tienten durch die Druckinduziereinrichtung aus- 
geObte Druck niedriger ist als der diastolische 30 
Druck des Patienten. 

22. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, daB es weiterhin die Schritte auf- 
weist 35 

(a) Verarbeiten des Informationsstromes, urn 
einen Strom der ersten Ableitung zu erhal- 
ten, der Information bezOglich der Ande- 
rungsrate der Daten des Informationsstro- 
mes enthSIt, und urn einen Integralstrom zu 40 
erzeugen, und 

(b) Untersuchen zumindest eines der Stro- 
me, Informationsstrom, Strom der ersten 
Ableitung und Integralstrom, um den Zu- 
stand des Herz-Kreislauf-Systems des Pa- 45 
tienten zu bestimmen. 

23. Verfahren nach Anspruch 22, dadurch gekenn- 
zeichnet, daB es weiterhin die Schritte auf- 
weist, daB eine graphische Anzeigeeinrichtung 50 
(42) bereitgestellt wird und daB der Informa- 
tionsstrom als eine arterielle Pulskurve (240. 
250) und der erste Ableitung sstrom als eine 
Kurve (244, 252) der ersten Ableitung darge- 
stellt wird. 55 

24. Verfahren nach Anspruch 22, dadurch gekenn- 
zeichnet, daB der Schritt des Erhaltens eines 



Datenstromes aus dem Wandler den Schritt 
aufweist, daB ein Datenstrom von der Wandler- 
einrichtung bei einem von der Druckinduzier- 
einrichtung induzierten Druck erhaJten wird, der 
groBer ist als der systolische Druck des Pa- 
tienten, und daB der Schritt des Untersuchens 
zumindest eines der Strome, Informations- 
strom (240, 250), Strom der ersten Ableitung 
(244, 252) und Integralstrom (248, 254) den 
Schritt aufweist, daB der Integralstrom unter- 
sucht wird, um die Starke der Herzkontraktion 
des Patienten zu bestimmen. 

25. Verfahren nach Anspruch 22, dadurch gekenn- 
zeichnet, daB dar Schritt des Erhaltens eines 
Datenstromes aus der Wandiereinrichtung den 
Schritt aufweist, daB man einen Datenstrom 
aus der Wandiereinrichtung bei einem von der 
Druckinduziereinrichtung induzierten Druck er- 
halt, der geringer ist als der diastolische Druck 
des Patienten, und daB der Schritt des Unter- 
suchens zumindest eines der StrQme, Informa- 
tionsstrom (300), Strom der ersten Ableitung 
(304) und Strom des Integrals (308) den Schritt 
aufweist, daB der Strom des Integrals (308) 
untersucht wird, um eine Information Gber den 
Blutstrom im Kreislaufsystem des Patienten zu 
bestimmen. 

26. Verfahren nach Anspruch 22, dadurch gekenn- 
zeichnet, daB der Schritt des Untersuchens 
zumindest eines der StrQme. Informations- 
strom, Strom der ersten Ableitung und Strom 
des Integrals den Schritt aufweist, daB die An- 
wesenheit von Herz-Kreislauf-GerSuschen 
(256) durch Untersuchen des Stromes der er- 
sten Ableitung (250) aufweist. 

27. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, daB es weiterhin den Schritt aufweist, 
daB ein Herzschrittmacher auf der Grundlage 
der in dem Informationsstrom untersuchten In- 
formation abgestimmt wird. 

2a Verfahren nach Anspruch 27, dadurch gekenn- 
zeichnet, daB der Schritt des Abstimmens ei- 
nes Herzschrittmachers die Schritte aufweist: 

(a) Verwenden einer elektrokardiographi- 
schen Einrichtung, um die Erregungsfolge 
des Schrittmachers einzustelien, 

(b) Untersuchen des Informationsstromes, 
um UngleichmaBigkeiten des Herz-Kreis- 
lauf-Systems zu erfassen, die in dem Infor- 
mationsstrom angezeigt werden, und 

(c) Wiederholen der Schritte (a) und (b), 
falls erforderlich, um die in dem Informa- 
tionsstrom angezeigten UngleichmaBigkei- 
ten des Herz-Kreislauf-Systems minimal zu 
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machen. 

29. Verfahren nach Anspruch 28, dadurch gekenn- 
zeichnet, daB es weiterhin die Schritte auf- 
weist, daB eine graphische Anzeigeeinrichtung 5 
bereitgestellt wird und daB der Informations- 
strom graphisch angezeigt wird als Pulsations- 
datensignal als Funktion der Daten des indu- 
zierten Druckes Ober einen Bereich von einem 
Druck oberhalb des systolischen Druckes bis w 
zu einem Druck unterhalb des diastolischen 
Druckes, urn eine in etwa sinusformige Infer- 
mationsstromkurve zu erzeugen, die eine Rei- 

he von Pulsmaximalpunkten (410, 412, 414) 
und eine Serie von Pulsminimalpunkten (416, 75 
418, 420) aufweist. 

30. Verfahren nach Anspruch 29, dadurch gekenn- 
zeichnet, daB dar Schritt des Untersuchens 

des Informationsstromes den Schritt aufweist, 20 
daB die Informationsstromkurve untersucht 
wird, um festzustellen, ob zumindest einer aus 
der Reihe von Pulsmaximalpunkten und Puls- 
minimalpunkten eine in etwa sanft ansteigende 
und sanft abfallende, glockenformige Kurve re- 25 
lativ zu einer Achse des induzierten Druckes 
des Graphen aufweist. 

31. Verfahren nach Anspruch 29, dadurch gekenn- 
zeichnet, daB der Schritt des Untersuchens 30 
des Informationsstromes den Schritt aufweist, 

daB die Informationsstromkurve untersucht 
wird, um zumindest einen der DrOcke, systoli- 
scher, diastolischer und mittlerer arterieller 
Blutdruck des Patienten bestimmt wird, um 35 
festzustellen, ob zumindest einer der DrOcke, 
systolischer, diastolischer und mittlerer arteriel- 
ler Blutdruck des Patienten, auBerhaib eines 
physiologisch akzeptablen Bereiches fallt. 

40 

32. Vorrichtung zum DurchfUhren des Verfahrens 
nach Anspruch 1 mit: 

(a) einer nicht eingreifenden Druckinduzier- 
einrichtung (10) und einer Druckwandlerein- 
richtung (16), 45 

(b) einer Einrichtung zum Erhohen des 
durch die Druckinduziereinrichtung induzier- 
ten Druckes auf einen Druck oberhalb des 
systolischen Druckes des Patienten, 

(c) einer Einrichtung zum Absenken des so 
Druckes als Funktion der Zeit, der von der 
Druckindunziereinrichtung induziert wird, auf 
einen Druck unterhalb des diastolischen 
Druckes des Patienten, 

(d) einer Einrichtung zum Verarbeiten eines 55 
Datenstromes einschlieBlich von Druckdaten 

und Pulssignaldaten, die durch die Wandler- 
einrichtung (10) hervorgerufen wurden, um 



eine in etwa sinusformige Informations- 
stromkurve (51) zu erzeugen, welche die 
Druckdaten und die Pulssignaldaten in Kor- 
relation zueinander setzt, wobei der Infor- 
mationsstrom zumindest zwei Pulsmaximal- 
punkte (54, 56, 74, 75, 108, 110, 156. 158) 
und zumindest einen Pulsminimalpunkt (58. 
72, 120, 166) aufweist, wobei die Maximal- 
und Minimalpunkte Spitzen- bzw. FuBpunk- 
ten der in etwa sinusformigen Informations- 
stromkurve (51) entsprechen, die zumindest 
einen Pulszyklus aufweist, der als Intervall 
zwischen einem Paar aufeinanderfolgender 
Pulsmaximalpunkte definiert wird, und auch 
einen schnell abfallenden Abschnitt (81) ei- 
nes Pulssignales, einen Durchgangsab- 
schnitt (83) des Pulssignales und einen 
schnell ansteigenden Abschnitt (85) des 
Pulssignales aufweist, 

(e) Einrichtungen zum Untersuchen des In- 
formationsstromes (51), um zumindest ei- 
nen der DrOcke, systolischer, diastolischer 
und mittlerer arterieller Druck des Patienten, 
durch Auswahl eines Druckbestimmungs- 
punktes in dem Informationsstrom zu be- 
stimmen, 

dadurch gekennzeichnet , daB 

(f) die Einrichtung zum Bestimmen zumin- 
dest eines der DrOcke, systolischer, diastoli- 
scher und mittlerer arterieller Druck, Einrich- 
tungen zum Auswahlen des Pulsminimal- 
punktes (58) aufweist, der auftritt 

(i) am Beginn des Durchgangsabschnit- 
tes des Pulssignales bei dem Pulszyklus 
(72, 74, 75), der neben dem schnell ab- 
fallenden Abschnitt des Pulssignales 
liegt, wobei die Vorrichtung fUr das Be- 
stimmen des systolischen Druckes aus- 
gelegt ist, oder 

(ii) an dem Ende des Durchgangsab- 
schnittes des Pulssignales, welcher ne- 
ben dem schnell ansteigenden Abschnitt 
des Pulssignales liegt, wenn die Vorrich- 
tung fUr das Bestimmen des diastoli- 
schen Druckes ausgelegt ist, oder 

(iii) in der Mitte (140) des Durchgangsab- 
schnittes (144) des Pulszyklus, wenn die 
Vorrichtung fUr das Bestimmen des mitt- 
leren arteriellen Druckes ausgelegt ist, 
oder 

(iv) die Einrichtung zum Bestimmen zu- 
mindest eines der DrOcke, systolischer, 
diastolischer und mittlerer arterieller 
Druck, eine Einrichtung zum Auswahlen 
des Pulsminimalpunktes (58) entspre- 
chend irgendeiner Kombination von fi) 
bis (iii) aufweist. 
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33. Vorrichtung nach Anspruch 32, dadurch ge- 
kennzeichnet, daB sie weiterhin eine Elektro- 
kardiographieeinrichtung und einen Schrittma- 
cher aufweist, wobei die Elektrokardiographie- 
einrichtung dafUr ausgelegt ist, die Erregungs- 
frequenz des Schrtttmachers so einzustellen, 
daB die in dem Informationsstrom angezeigten 
Kardiovaskularen UngleichmMBigkeiten minima! 
gemacht werden. 

Revendicatlons 

1. Procede de determination de la pression du 
sang d'un patient comprenant les Stapes de : 

(a) fixer au patient des moyens non invasifs 
de production de pression (10) et des 
moyens transducteurs (16), 

(b) eiever la pression produite par les 
moyens de production de pression a une 
pression suprasystolique, 

(c) diminuer sur le temps la pression pro- 
duite par les moyens de production de 
pression (10) a une pression situ£e en-des- 
sous de la pression diastolique, 

(d) obtenir un flux de donnees (30) a partir 
des moyens transducteurs (16), le flux de 
donnees (30) comprenant des donnees de 
pression et de donnees de signal de pulsa- 
tions, 

(e) traiter ledit flux de donnees pour cr£er 
une courbe de flux d'informations g§n6rale- 
ment sinusoidale (51) qui met en correlation 
les donnees de pression et le donnees de 
signal de pulsations, le flux d'informations 
comprenant au moins deux points de maxi- 
mum d'impulsion (54, 56, 74, 75, 108, 110, 
156, 158) et au moins un point de minimum 
d'impulsion (58, 72, 120, 166), ou les points 
de maximum et de minimum correspondent 
respectivement aux points d'apex et de na- 
dir de la courbe de flux d'informations g£- 
nSralement sinusoidale (51) qui comprend 
au moins un cycle d'impulsions ddfini com- 
me un intervalle entre une paire de points 
consecutifs de maximum d'impulsion, et qui 
comprend €ga!ement une partie de signal 
d'impulsion diminuant rapidement (81), une 
partie de creux de signal d'impulsion (83) et 
une partie de signal d'impulsions augmen- 
tant rapidement (85), 

(f) examiner le flux d'informations pour de- 
terminer au moins une parmi les pressions 
systolique, diastolique et art6rielle moyenne 
du patient en seiectionnant un point de de- 
termination de pression dans le flux d'infor- 
mations, caracterise en ce que 

(g) retape (f) comprend : 



(i) determiner la pression systolique a 
partir de donnees de pression au point 
de minimum d'impulsion en seiection- 
nant le au moins un point de minimum 

5 d'impulsion du cycle d'impulsion de sor- 

te que le point de minimum d'impulsion 
(72) se proditise au debut de !a partie de 
creux du signal d'impulsions du cycle 
d'impulsion (72, 74, 75) adjacente a la 

10 partie de signal d'impulsion diminuant ra- 

pidement ; ou 

(ii) determiner la pression diastolique a 
partir de donnes de pression au point de 
minimum d'impulsion en seiectionnant le 

15 au moins un point de minimum d'impul- 

sion du cycle d'impulsions de sorte que 
le point de minimum d'impulsion (166) 
se produise a la fin de la partie de creux 
du signal d'impulsion adjacente a' la par- 

20 tie du signal d'impulsion augmentant ra- 

pidement ; ou 

(iii) determiner la pression arterielle 
moyenne a partir des donnees de pres- 
sion au point de minimum d'impulsion en 

25 seiectionnant le au moins un point de 

minimum d'impulsions du cycle d'impul- 
sion de sorte que le point de minimum 
d'impulsion (120) se produise au milieu 
(140) de la partie de creux du signal 

30 d'impulsions (144) du cycle d'impulsions 

; ou 

(iv) certaines combinaisons de (i) a (iii). 

2. Procede selon la revendication 1, dans lequel 
35 lesdits au moins deux points de maximum 

d'impulsion comprennent au moins deux points 
de maximum d'impulsion consecutifs (54, 56 
ou 60, 62) et retape de choisir le point de 
minimum d'impulsion comprend 1'etape de 
40 choisir le point de minimum d'impulsion (58 ou 
64) entre les deux au moins deux points de 
maximum d'impulsion qui satisfait au moins un 
des crit£res suivants : 

(a) le point de maximum d'impulsion (58) se 
45 produit entre une paire de points de mas- 

mum d'impulsion consecutifs (54, 56), te 
premier point de minimum d'impulsions (54) 
etant sensiblement inferteur au second pert 
de minimum d'impulsion (56), ou 
so (b) le point de minimum d'impulsion (64) » 

produit entre une paire de points de maa- 
mum d'impulsion consecutifs (60, 62). to 
premier point de minimum d'impulsions (BSJ 
etant sensiblement superieur au second 
55 point de minimum d'impulsions (62). 

3. Procede selon la revendication 1, comprenart 
en outre les etape de fournir des moyaoB 
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d'affichage graphique (42, 46) et cPafficher gra- 
phiquement le flux d'informations. 

4. Procede selon ta revendication 3, dans lequel 
retape d'afficher graphiquement le flux d'infor- 5 
mations comprend retape d'afficher graphique- 
ment des donnees de signal de pulsations en 
fonction des pressions produites. 

5. Procede selon la revendication 3, dans lequel w 
I'etape d'afficher graphiquement le flux d'infor- 
mations comprend retape d'afficher graphique- 
ment (49) des donnees de signal de pulsations 

en fonction du temps. 

75 

6. Procede selon Tune quelconque des revendi- 
cations 3 & 5, dans lequel I'etape de fournir 
des moyens d'affichage graphiques comprend 
Tetape de fournir des moyens d'affichage vi- 
deo (42). 20 

7. Procede selon Tune quelconque des revendi- 
cations 3 & 6, dans lequel retape de fournir 
des moyens d'affichage graphiques comprend 
I'etape de fournir des moyens d'impression 25 
(46). 

8. Procede selon I'une quelconque des revendi- 
cations precedentes pour determiner la pres- 

sion systolique dans lequel le point de mini- 30 
mum d'impulsion (72) se produit k un premier 
point de donnees de la partie de creux de 
signal d'impulsion. 

9. Procede selon I'une quelconque des revendi- 35 
cations 1 k 7 pour determiner la pression 
diastolique, dans lequel le point de minimum 
d'impulsion (166) se produit dans la partie de 
creux du signal d'impulsion k un dernier point 

de donnees de la partie de creux du signal 40 
d'impulsion. 

10. Procede selon I'une quelconque des revendi- 
cations 1 k 7 pour determiner la pression 
arterielle moyenne dans lequel le point de mi- 45 
nimum d'impulsion (120) se produit k un point 

de donnees de pression generalement egal k 
la moyenne des points de donnees de pres- 
sion de deux points de maximum d'impulsion 
(180, 110) qui definissent le cycle d'impul- 50 
sions. 

11. Procede selon la revendication 1, dans lequel 
I'etape de traiter ledit flux de donnees pour 
creer un flux d'informations comprend retape 55 
de creer une courbe de flux d'informations 
generalement sinusoTdale (51) comprenant une 
serie de cycle d'impulsions, chaque cycle 



d'impulsions etant defini par un intervalle de la 
courbe entre des points de maximum d'impul- 
sion adjacents, et chaque cycle comprenant 
une partie diminuant rapidement (81), une par- 
tie de creux (83), une partie augmentant rapi- 
dement (85), et le au moins un point de mini- 
mum d'impulsion (88) comprenant un point 
dans la partie de creux (83). 

12. Procede selon I'une quelconque des revendi- 
cations 1 & 1 1 , comprenant en outre les etapes 
de fournir des moyens de stockage de don- 
nees (50) pour stocker les informations du flux 
de donnees (30) et stocker les informations du 
flux de donnees. 

13. Procede selon la revendication selon 1, dans 
lequel retape d'examiner le flux d'informations 
(200) pour determiner au moins une parmi les 
pressions systolique, diastolique et arterielle 
moyenne comprend les etapes de : 

(a) cnSer une echelle de pression arterielle 
en fixant la pression arterielle k Tun des au 
moins deux points de maximum d'impulsion 
(202) pour etre egal a la pression systolique 
determinee, et fixer la pression arterielle au 
point de minimum d'impulsions (204) egal k 
la pression diastolique determinee, 

(b) seiectionner un point de determination 
de pression (206) dans la courbe de flux 
d'informations, et 

(c) utiliser le point de determination choisi, 
rechelle de pression arterielle, et les pres- 
sions systolique et diastolique determinees 
pour determiner la pression arterielle 
moyenne du patient. 

14. Procede selon la revendication 13, dans lequel 
retape de creer rechelle de pression arterielle 
comprend d'interpoler les pressions arterioles 
entres le un point de maximum d'impulsion 
(202) et un point de minimum d'impulsion 
(204). 

15. Procede selon la revendication 14, dans lequel 
retape de creer une echelle de pression arte- 
rielle comprend retape de creer rechelle en 
interpolant lineairement les pressions arteriel- 
les. 

16. Procede selon la revendication 14, dans lequel 
retape de choisir un point determine de pres- 
sion comprend retape de choisir un point de 
donnees dans le flux d'informations situe entre 
le un point de maximum d'impulsion (202) et le 
un point de minimum d'impulsion (204) et utili- 
ser la pression d'impulsion arterielle au point 
de determination de pression (206) ainsi seiec- 
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tionne pour determiner la pression d'impulsion 
arterielle. 

17. Procede selon la revendication 13, dans lequel 
1'etape de selectionner un point de donnees 5 
dans le flux d'informations comprend retape 
de selectionner un point de determination de 
pression, dans lequel la pente de ladite courbe 
de flux d'informations (200) change de manure 
significative. 10 

1a Proc£de selon la revendication 17, dans lequel 
retape de selectionner un point de determina- 
tion de pression dans lequel la pente de la 
courbe de flux d'informations change de ma- 75 
nfere significative comprend retape de selec- 
tionner un point de donnees (206) dans la 
courbe de flux d'informations dans lequel la 
pente augmente de manfere significative. 

20 

19. Procede selon la revendication 17, dans lequel 
retape de selectionner un point de determina- 
tion de pression (206) ou la pente du flux 
d'informations (200) change de manfere signifi- 
cative, comprend retape de choisir un point de 25 
donnees ou la vitesse de changement de la 
pente de la courbe est maximis^e dans I'inter- 
valle situe entre ledit un point de maximum 
d'impulsion (202) et ledit un point de minimum 
d'impulsion (204). 30 

20. Procede selon la revendication 16, dans lequel 
retape de selectionner un point de determina- 
tion de pression dans la courbe de flux d'infor- 
mations comprend retape de selectionner un 35 
point de determination de pression (206) dans 

la courbe de flux d'informations dans lequel la 
vitesse de changement de la pression arterielle 
en fonction du temps diminue de maniere si- 
gnificative. 40 

21. Procede selon la revendication 13, dans lequel 
retape de selectionner un point de determina- 
tion de pression comprend retape de selec- 
tionner un point de determination de pression 45 
dans la courbe de flux d'informations k un 
point ou la pression exercee sur le patient par 
lesdits moyens de production de pression est 
inferieur h la pression diastolique du patient. 

50 

22. Procede selon la revendication 1, comprenant 
en outre les etapes de : 

(a) traiter le flux d'informations pour creer 
un premier flux derive qui comprend infor- 
mation concernant la vitesse de change- 55 
ment de donnees du flux d'informations et 
un flux d'integration. et 



(b) examiner au moins un parmi les flux 
d'informations, le premier flux derive et le 
flux d'integration pour determiner la condi- 
tion du systfcme cardio-vasculaire du pa- 
tient. 

23. Procede selon la revendication 22, comprenant 
en outre les etapes de fournir des moyens 
d'affichage graphiques (42) et d'afficher gra- 
phiquement le flux d'informations sous la for- 
me d'une courbe de pression arterielle (240, 
250) et le premier flux derive sous la forme 
d'une premiere courbe derivee (244, 252). 

24. Procede selon la revendication 22 dans lequel 
retape d'obtenir un flux de donnes h partir du 
transducteur comprend retape d'obtenir un 
flux de donnees & partir des moyens transduc- 
teurs & une pression produite par les moyens . 
de production de pression superieure a la 
pression systolique du patient, et retape d'exa- 
miner au moins I'un parmi le flux d'informa- 
tions (240, 250), le premier flux derive (244, 
252) et le flux d'integration (248, 254) com- 
prend retape d'examiner le flux d'integration 
pour determiner I'intensite de la contraction du 
coeur du patient. 

25. Procede selon la revendication 22, dans lequel 
retape d'obtenir un flux de donnees k partir 
des moyens transducteurs comprend retape 
d'obtenir un flux de donnees & partir des 
moyens transducteurs h une pression produite 
par les moyens de production de pression 
inferieure & la pression diastolique du patient 
et retape d'examiner au moins un parmi le flux 
d'informations (300), le premier flux derive 
(304), et le flux d'integration (308) comprend 
retape d'examiner le flux d'integration (308) 
pour determiner une information au sujet de 
recoupment de sang dans le sysfeme de cir- 
culation du patient 

26. Procede selon la revendication 22, dans lequel 
retape d'examiner au moins un parmi le flux 
d'informations, le premier flux derive et le flux 
d'integration comprend retape de detector la 
presence de bruit cardio-vasculaire (256) en 
examinant le premier flux derive (250). 

27. Procede selon la revendication 1 , comprenant 
en outre retape de regler un stimulateur car- 
diaque a partir de reformation examinee dans 
le flux d'informations. 

2a Procede selon la revendication 27, dans lequel 
retape de regler un stimulateur cardiaque 
comprend, les etapes de : 
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(a) utiliser un dispositif electrocardiographi- 
que pour ajuster ia sequence d'activation du 
stimulateur, 

(b) examiner le flux deformations pour de- 
tector les irregularis card iovasculai res affi- 5 
ch^es dans le flux d' informations, et 

(c) r6p6ter les Stapes a et b, si nScessaire, 
pour minimiser les irregularis cardiovas- 
culaires affichees dans le flux deforma- 
tions. 10 

29. Proc^de selon la revendication 28 comprenant 
en outre les etapes de fournir des moyens 
d'affichages graphiques. et d'afficher graphi- 
quement le flux deformations, comma les 15 
donnees de signal d'impulsions en fonction 

des donnees de pression produites sur un 
domaine allant d'une pression suprasystolique 
a une pression subdiastolique pour cr£er une 
courbe de flux deformations gen^ralement si- 20 
nusoTdale contenant une serie de points de 
maximum d , impuisions(410 l 412, 414) et une 
s4rie de points de minimum d'impulsion (416, 
418, 420). 

25 

30. Proc£d6 selon la revendication 29, dans lequel 
retape d'examiner le flux deformations com- 
prend Tetape d'examiner la courbe de flux 
deformations pour determiner si au moins une 

des series de points de maximum d'impulsion 30 
et de points de minimum d'impulsion forment 
une courbe en forme de cloche montant et 
descendant gen£ra!ement de manfere reguliere 
par rapport a un axe graphique de pression 
produite. 35 

31. Proc6d§ selon la revendication 29, dans lequel 
I'etape d'examiner le flux deformations com- 
prend I'etape d'examiner la courbe de flux 
deformations pour determiner au moins une 40 
parmi les pressions du sang systolique, diasto- 
lique et arterielle moyenne du patient pour 
determiner si ladite au moins une parmi les 
pressions de sang systolique, diastolique et 
arterielle moyenne du patient tombent en de- 45 
hors d'un domaine physiologiquement accep- 
table. 

32. Apparei! pour rdaliser le proc^de selon la re- 
vendication 1, comprenant : 50 

(a) des moyens (10) non invasifs de produc- 
tion de pression et des moyens transduc- 
teurs (16), 

(b) des moyens pour eiever la pression 
produite par les moyens de production de 55 
pression a une pression suprasystolique 
d'un patient, 



(c) des moyens pour diminuer sur le temps 
la pression produite par les moyens de pro- 
duction de pression (10) a une pression 
situee en dessous d'une pression diastoli- 
que d'un patient, 

(d) des moyens pour traiter un flux de don- 
nees comprenant des donnees de pression 
et des donnees de signal de pulsations pro- 
duites par des moyens transducteurs (16) 
pour creer une courbe de flux deforma- 
tions generalement sinuso'idale (51) qui met 
en correlation les donnees de pression et 
les donnees de signal de pulsations, le flux 
deformations comprenant au moins deux 
points de maximum d'impulsion (54, 56, 74, 
75, 108, 110,156, 158) et au moins un point 
de minimum d'impulsion (58, 72, 120, 166) 
oO les points de maximum et de minimum 
correspondent respectivement aux points 
d'apex et de nadir de la courbe de flux 
generalement sinusoTdale (51) qui com- 
prend au moins un cycle d'impulsions defini 
comme un intervalle entre une paire de 
points de maximum d'impulsion consecutifs, 
et comprend egalement une partie de signal 
d'impulsion diminuant rapidement (81), une 
partie de creux de signal d'impulsion (83) et 
une partie de signal d'impulsion augmentant 
rapidement (85), 

(e) des moyens pour examiner le flux d'in- 
formations (51) pour determiner au moins 
une parmi les pressions systolique, diastoli- 
que et arterielle moyenne du patient en 
seiectionnant un point de determination de 
pression dans le flux deformations, 
caracterise en ce que : 

(f) des moyens pour determiner au moins 
Tune parmi les pressions systolique, diasto- 
lique et arterielle moyenne comprennent 
des moyens pour seiectionner le point de 
minimum d'impulsion (58), se produisant : 

(i) au debut de la partie de creux du 
signal d'impulsion du cycle d'impulsions 
(72, 74, 75) adjacente a la partie de 
signal d'impulsion diminuant rapidement 
lorsque I'appareil est destine a determi- 
ner la pression systolique, ou 

(ii) a la fin de la partie de creux du signal 
d'impulsion adjacents a la partie de si- 
gnal d'impulsion augmentant rapidement 
lorsque I'appareil est destine a determi- 
ner la pression diastolique ; ou 

(iii) au milieu (140) de la partie de creux 
du signal d'impulsions (144) du cycle 
d'impulsions lorsque I'appareil est desti- 
ne a determiner la pression arterielle 
moyenne ; ou 

les moyens pour determiner au moins 
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Tune parmi les pressions systolique, 
diastolique et arteVielle moyenne com- 
prennent des moyens pour seMectionner 
le point de minimum d'impulsion (58) en 
accord avec (iv) une quelconque combi- 5 
naison de (i) h (iii). 

33. Appareil seton la revendication 32, comprenant 
en outre un dispositif Slectrocardiographique et 
un stimulateur cardiaque, dans lequel le dispo- to 
sitif Slectrocardiographique est arrange pour 
ajuster sequence d'actrvation du stimulateur 
cardiaque pour minimiser les irre'gularitgs car- 
dio-vasculaires affichees dans le flux defor- 
mations. 75 



20 



25 



30 



35 



40 



45 



50 



31 



EP 0 365 614 B1 




10 



PRESSURE 1 


rRANSDUCER 




^20 


ANALOG TO DIGITAL 
CONVERTER 




^-30 



16 



DATA 
STORAGE 



7 

50 



48, 

/ 

- -L 



26 



DATA PROCESSOR 
(COMPUTER) 



x.40 



I 



44 



GRAPHIC 
DISPLAY 



36 
42 



PRINTER 

7 — 

46 



V 



FIG. 1 . 



32 



EP0 365 614B1 




EP 0 365 614 B1 




ivnois asind ivmaitiv 



34 



EP 0 365 614 B1 




EP 0 365 614 B1 




ivnois 3sind iviaaiav 



36 



EP 0 365 614 B1 




1VN0IS 3Sind "IVIU31UV 



37 



EP 0 365 614 B1 




(6h aim) 3anss3Ud iviuaiav 



38 



EP 0 365 614 B1 



CO 



2 

E 
E 



in 
I 

tu 
oc 

D 
CO 
CO 
UJ 
DC 
CL 

t 

z> 
o 



O) 



-B-g 



\ 



— B- 
O 




CM 



-B &" 




-B B 




o 

cm n 



— d 3 " 



-B- 



-B- 




c\i> 

- S 




-B B- 

B- 



c5 > 

-& — B— B- 



c5 > 



Gun r> 



■ Q B- 



-B- 
o 



0 lPt 



CM v 

-B- lP * — B" 



< 
CD 

CD 
m 



CM\ 
-B B- 



o 
Si 



-B B- 



CM 

cm 



a f> 



CM V 

a — ^ — b- 



o 



O 
CO 



o 

CM 



o 



-B 



o 



CO 



- CO 





Q 
Z 

o 
o 

UJ 

CO 

UJ 

s 






- CVJ 




CM 



\ 



ivnois asind iviuaiav 



39 



EP 0 365 614 B1 




EP 0 365 614 B1 




EP 0 365 614 B1 




SWU0J3AVM 3Sind 1VIU31UV 



42 



EP 0 365 614 B1 




SIAIU0J3AVM 3Sind 1VIU31UV 



43 



EP 0 365 614 B1 




EP 0 365 614 B1 



CD 
u_ 




o o o 

CO CNJ t- 



o o o o o o 

O Ol CO N tO U) 



o o o 

CO CM t- 



o o o o o o o 

T CNI co 7 IT) CO ^ 



ivnois 3snnd nviuaiuv 



45 



EP 0 365 614 B1 



co 
co 
o 

CD 

z 

I 

CD 
LU 

o 




i rrrruiryn □ n u n rtp £=§: 



Q 0 n y n § □□□ 



n L| n ^ n p n n Q -& 



mrnip n ,rp r|j n tj] Bj-e- 



j 



OjOj n y n j j g 



CDD DO lP d^g B 



o/ wi n § lP u 1 ^jfljr* 

n m i tri i i n i a s n— p^ "" 




a — a ~CT *gBi 




o 



S 



o 

CO 



1 i 

ui 

££ 

2 UJ 

w cc 

£L 

LL 
IL 
D 

^ O 
o 



i — i — i — i — i — i — i — r 



oooooooooooooooooooooo 

WT-00)flON(DU)TfcOC\|i- rC^(O^m(ON00O) 

T- T— T- I I I I I I I 



46 



EP 0 365 614 B1 




ivnois asmd iviyaiuv 



47 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the Original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 



□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCED) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




BLURRED OR ILLEGIBLE TEXT OR DRAWING 



